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AN ADAPTATION OF THE POWELL METHOD FOR SERUM 
BILIRUBIN TO MICRO AND ULTRAMICRO USE*}+ 
NELMA FORSYTHE MACLAY, B.A., M.T. (ASCP) 

Methodist Hospital of Indiana, Inc., Indianapolis 
In the medical laboratory, erythroblastosis fetalis has become almost 
synonymous with Rh factors, Coombs test, and serum bilirubin. The 
diagnosis and treatment of the disease — to a great extent upon 
the changes in the serum bilirubin level. This places a great responsi- 

bility upon the medical technologist. 

Abelson and Boggs' point out that many erythroblastotic babies ap- 
peared more jaundiced than the serum bilirubin levels indicated. It 
seemed probable, therefore, that other pigments might be present to 
account for the discrepancy. Therefore they suggest following the course 
of the disease with the measurement of the amount and kind of heme 
pigment present. White and associates’* found errors in the bilirubin 
concentration with the diazo reaction in the presence of more than very 
small amounts of hemoglobin. They make corrections for heme pigment 
by directly subtracting its absorbance at 575 my» from that of bilirubin 
at 455 mp. It is emphasised that the accuracy of these heme pigment 
determinations is dependent upon skill and care in obtaining specimens 
or falsely high values will be obtained. These investigations point to 
the necessity for a serum bilirubin method which will develop the maxi- 
mum color in the presence of these abnormal heme pigments. Care in 
the collection of the samples is an important factor in the bilirubin 
determination. 

Because of the nature of the disease and the size of the patients in- 
volved, it is necessary to keep the test in the ultramicro range. The 
method must be one in which capillary blood can be used. Such methods 
have been described by various investigators, most of whom use some 
form of the van den Bergh reaction of serum bilirubin with a mixture 
of sulfanilic acid, hydrochloric acid, and sodium nitrite to form azobili- 
rubin. 

Malloy and Evelyn® in 1937 developed a quantitative method for 
serum bilirubin with the direct and indirect reactions. Many micro mod- 
ifications of this technic have appeared in the literature employing from 
0.02 to 0.1 ml. of serum. Stoner and Weisberg’® developed a method for 


* First Registry Award 1959. First Chemistry Award—Scientific Products Foundation, Read 
before the 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959. 

+ Permission to quote from the original article was received from Dr. W. N. Powell. Permis- 
sion was received from Elizabeth Maclay to use her modification of the Powell Method. 
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serum bilirubin by the diazo blue reaction using 0.02 ml. of serum. 

Because of the wide acceptance of the Malloy-Evelyn® technic and 
its inclusion in Ultramicro Methods for Clinical Laboratories by Knights 
and associates,® this was the method originally adopted in our labora- 
tory. A minimum of 25 lambdas of serum is necessary with color devel 
opment in thirty minutes for the indirect bilirubin. This thirty minute 
timing, in our own experience, proved adequate for complete color 
development and gave close agreement with the modifications of the 
Powell**:** macro method in most of the suspected cases of erythro- 
blastosis fetalis. However, a case was encountered in which the color 
seemed unusually slow in developing. A macro bilirubin by the modified 
Powell*:*"! method on venous blood of this infant showed an immediate 
color response. By permitting the Malloy-Evelyn® reaction to develop 
for two hours the color reached that developed in the modified macro 
method of Powell (Fig. 1). 

The problem became an immediate one for the medical technologist. 
How many other cases had similar interference with incomplete color 
development? Allowing a reaction time of two hours for all serum biliru- 
bins is highly impractical. 


Malloy-Evelyn Micro Powe 11% Macro 
Reaction Time Reaction Time 
Mg./100 ml. Mg./100 ml. 
Case in Min. in Min. 
Babe 1 
5 
he > 
18 
Babe 2 
5 
x 
> 
70 
BO a 
Figure 1 


Calculation of Malloy-Evelyn micro bilirubin at intervals until serum bilirubin level approached 
the 5 minute level of Powell Macro method. 
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Since the Powell® method for serum bilirubin as modified by Maclay* 
has been successfully used as a macro method since 1952 with no sig- 
nificant error in total color development owing to traces of hemoglobin, 
it was decided to explore the possibility of adapting it to the ultramicro 
range. 


Technique 

A method was developed employing the changes in the preparation 
of the standard as suggested by O’Hagan’ and the use of a density fac- 
tor in the calculation as suggested by Hiller? and by Knights and co- 
workers.* This method gives an immediate and complete development 
of the color of the total reacting bilirubin within one minute. The direct 
reacting bilirubin can be determined by substituting water instead of the 
sodium benzoate-urea reagent of Powell.* Since the bilirubin developed 
in the erythroblastotic infant is mostly and significantly of the indirect 
type, this reaction only will be considered in detail in this paper. 


Principle : 

Ehrlich’s reagent consisting of a freshly prepared mixture of 0.5% sodium 
nitrite and sulfanilic acid-hydrochloric acid reagent reacts with serum 
to produce the red color of azobilirubin. The addition of the sodium 
benzoate-urea reagent of Powell® produces a prompt intensification of 
the color of the total bilirubin. The test can be performed on as little 
as 20 lambdas of serum with complete color development in five minutes. 


Reagents: 

1. Solution A—Sulfanilic acid reagent. 
1.0 gm. of sulfanilic acid is dissolved in approximately 100 ml. of 
distilled water in a 1000 ml. volumetric flask containing 15 ml. of 
concentrated hydrochloric acid, and then diluted to the 1 liter vol- 
ume with distilled water. 
. Solution B. 
0.5% solution of sodium nitrite in distilled water. Keep refriger- 
ated. To insure a fresh solution, make once a week. 


3. Mixed diazo reagent in the proportion of 10 ml. solution A (1) 
plus 0.3 ml. solution B (2). Mix just before use. 

4. Diazo blank solution—solution A (No. 1 above). 

5. Sodium benzoate-urea—designated in this technic as S.B.U. 
10 gm. of sodium benzoate (Eastman) are dissolved in about 60 ml. 
of distilled water. 
10 gm. of urea are added and dissolved. 
The solution is diluted to 100 ml. with distilled water. This solu- 
tion should be allowed to age for 10 days before using. 

6. Stock bilirubin standard. 
40 mg. pure bilirubin (Harleco) placed in 100 ml. volumetric flask 
and diluted to mark with chloroform. 1 ml. 0.4 mg. bilirubin. 
If kept in a dark bottle in the refrigerator, stock standard should 
keep for about a year. 

7. Working standard—10 mg. %; 1 ml. = 0.1 mg. 


Place 25 ml. (equivalent to 10 mg. bilirubin) of the chloroform 
solution of bilirubin (6) in a 100 ml. volumetric flask. Evaporate 
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cautiously over steam bath. Last traces of chloroform can be re- 
moved under reduced pressure. 

10 mg. of dry bilirubin are thus left on the bottom and sides of 
flask. 

Add 1 ml. N/10 NaOH to flask. Mix to dissolve bilirubin. 

Add about 30 ml. of pooled serum having a low bilirubin level. Mix, 
Add 1 ml. N/10 HCl and dilute to 100 ml. with the pooled serum. 
Adjust to volume with serum. Avoid bubbles by adding a trace 
of caprylic alcohol on a fine wire. Mix thoroughly. 


Calculation of Density Factor: 


From the 10 mg. % standard (7) dilute 0.5, 1.0, 1.5, 2, 3, 4, 5, and 
10 ml. in 10 ml. volumetric flasks with the pooled serum. These 
dilute standards correspond to 0.5, 1, 1.5, 2, 3, 4, 5, and 10 mg. % 
bilirubin respectively. Treat each of the above dilute standards as 
follows: 


Reagent Blank Tube #1 Standard Test Tube #2 

0.5 ml. standard dilution 0.5 ml. standard dilution 

0.5 ml. diazo “A” solution (1) 0.5 ml. fresh diazo mixture (3) 
9.0 ml. S.B.U. (5) 9.0 ml. S.B.U. (5) 


Transfer each reagent blank and standard test to the ultramicro 
cuvette with a long capillary dropper. 

Set O.D. reagent blank = 0 at wavelength of 530 mu. 

Read optical density at end of 1 minute and 5 minutes, and calcu 
late the factor “F” at each time interval as follows :* 


F - sum of mg. % of all standards used 
sum of optical density readings for these standards 
Example: 
2+5+8+ 10 25 
OD, + OD; + OD, + OD, OD. + OD; + OD, + OD, 


“F” must be determined for each spectrophotometer used. 


Special Apparatus: 


1. Coleman Junior Spectrophotometer. 

2. Semi-Micro Adapter (6-110) for the Coleman Junior. 

3. Ultramicro cuvettes. These can be made from a good grade of 5-7 
mm. outside diameter glass tubing of uniform bore. Cut in 3 inc 
lengths, seal, and firepolish. 

4. Test tubes 812 x 70 mm. (May be obtained from Certified Blood 

Donor Service). 
. Capillary pipettes (such as 9 inch “diSPo-pettes” from Scientific 
Products.) 

6. Lang-Levy pipettes, 10 and 20 lambdas (may be obtained from 
Microchemical Specialties, Berkeley, California.) 

7. Serological pipettes, 1 ml. graduated in hundredths, having long, 
slender tips. 

8. Serological pipettes, 0.2 ml. 

9. Capillary tubes for collection of blood. (These may be obtained 
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along with “Critocaps” for closing the tubes from Scientific Prod- 
ucts Company.) 
10. Micro centrifuge, desirable but not necessary. 


Procedure: 
Collect serum in capillary tubes from free-flowing heel prick. 
(Surgical blade, size 11. Autoclave between use.) 
Cap with “Critocaps” and centrifuge to separate serum. With an 
ampoule file, cut tube just above serum level. 
With the Lang-Levy pipette, remove serum from capillary tubes and 
place in two separate 844 x 70 mm. test tubes in following order: 


For 0.02 ml. serum 


Tube 1—Blank Tube 2—Test 
0.02 ml. serum 0.02 ml. serum 
0.02 ml. solution A (1) 0.02 ml. diazo nitrite (3) 
0.36 ml. S.B.U. (5) 0.36 ml. S.B.U. (5) 
Mix by tapping Mix by tapping 

For 0.01 ml. serum 

Tube 1—Blank Tube 2—Test 
0.01 ml. serum 0.01 ml. serum 
0.01 ml. solution A (1) 0.01 ml. diazo nitrite (3) 
0.18 ml. S.B.U. (5) 0.18 ml. S.B.U. (5) 
Mix by tapping Mix by tapping 


With the long capillary dropper, transfer blank solution from tube 
#1 to the pre-matched micro cuvette*, place in the Semi-Micro 
\dapter of the Coleman Junior Spectrophotometer, and set density 
of blank 0 at 530 mp before adding reagent to (test) tube #2. 
\dd reagent to (test) tube #2, mix by tapping, set timer for 5 min- 
utes, and transfer at once to the other pre-matched micro cuvette. 
Read density of test at 5 minutés. 


Calculation: D, x F = mg.% 
Where D,, = optical density of test 
F = factor established for spectrophotometer at 


5 minutes. 


Experimental 

Pooled serum from the blood bank was used for standard dilutions. 
The total bilirubin contained in this serum as determined with Pow- 
ell*'*:* macro method in use was 0.25 mg. per 100 ml. A 10 mg.% solu- 
tion of bilirubin was made with this serum as a diluent and further 
dilutions were made from the 10 mg.% solution using the same serum. 
Optical density readings of the dilute bilirubin solutions by both the 
macro and micro methods were found to fall on straight lines (Fig. 2). 
The average optical density for three determinations on each dilution 
was used to establish the points on the curve. Serum dilution of 1 to 
10 used. 

The density factor “F” used in the calculation was established by 
taking the sum of the concentrations of bilirubin used, divided by the 
* By coating the inside of the micro cuvette with a silicone preparation, the cleaning can be 


accomplished quickly and easily by rinsing with distilled water added in a fine stream from 
a polyethylene wash bottle and drying with a long capillary tube attached to the vacuum line. 
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sum of the optical density readings of the standards used.* The factor 
“F” thus established, multiplied by subsequent optical density readings 
gives mg.% bilirubin. 


0.5 
| 
= 
0.3 
& 
3 0.2 
2— 
Figure 2 


Bilirubin Mg. /100 mi. 
A—Optical density readings modified macro method of Powell 19x105 mm. cuvette at 530 my 
B—Optical density readings author's micro method 5 mm. diameter cuvette at 530 mu 


By using the density factor calculated at one minute and at five min 
utes, there is no change in final calculated bilirubin levels whether read 
at one or at five minutes (Fig. 3). For practical purposes the five min 
ute reading is the most convenient to use, allowing more time for han 
dling equipment and transferring the solution to the cuvettes. 


Observed OD X F(108) = Observed OD X F(11 
oD Mg.% oD Mg.% 
Case at 1 min. Bilirubin at 5 min Bilirubin 
A 0.016 1.7 0.01) 1.6 
B -013 1.1 J11 l. 
Cc 0.033 5 0.028 2 
D 0.18) 19.8 0.168 19.3 
E 0.066 7.1 0.06 6.9 
F 0.235 25.5 0.23 26.h 
G 0.122 13.2 0.118 13.6 
Figure 3 


Comparison of optical density readings at 1 minute and 5 minutes and the calculated bilirubin 
concentration in mg%. 
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Comparison of Malloy-Evelyn Micro Technic and the Author’s Micro 
\daptation of the Powell**" Method. 

In most cases, results of the Malloy-Evelyn micro bilirubin method 
with a reaction time of thirty minutes compared closely with micro 
method results with reaction time at five minutes. However, enough 
cases with marked differences in results were encountered to cause us 
to question the consistent validity of the former method (Fig. 4). 


Malloy-Evelyn Micro Author's Micro Adaptation 
Case 30 Min. Reaction Time 5 Min. Reaction Time 
Bilirubin Mg./100 ml. Bilirubin Mg./100 ml. 
] 9.1 10.1 
2 2.7 
12.0 16.2 
] 23.9 
Figure 4 


Comparison of Malloy-Evelyn micro method for serum bilirubin, 30 min. reaction time, with 
the author's micro adaptation of the Powell Method, 5 min. reaction time, on capillary blood. 


Estimations of serum bilirubin were made on the same samples of 
serum by the modified macro method of Powell**"' and the author’s 
micro adaptation. Figure 5 shows very close agreement with the two 
methods. 

Sims and Horn® found that the bilirubin diluted with pooled serum 
gave a stable solution at -20° C. In the preparation of our 10 mg.% 
bilirubin standard, pooled serum having a total bilirubin level of 0.25 
mg.% was used. Determinations of bilirubin levels by the modified 
Powell*'*"! macro method when done in triplicate gave an average con- 
centration of 10.26 mg.%. This serum solution of bilirubin was kept in 
the refrigerator at a temperature of 6° C for two weeks. After thorough 
mixing and bringing the solution to room temperature, the bilirubin 
concentration was again determined in triplicate and gave an average 
of 10.20 mg.%. Thus over a period of two weeks at 6° C there was no 
appreciable change in the recovery of added bilirubin to the serum. Such 
a stable solution of bilirubin in serum can be used to verify the optical 
density factor from time to time. 


Discussion 
\belson and Boggs,' Miller, and White and associates’ recognize 
the presence of abnormal heme pigments in the serum of infants with 
erythroblastosis fetalis. White and co-workers” in their technic, correct 
for such abnormal pigments. In our technic we make no correction but 
rely upon the reagents used to develop the complete color of the azo- 
bilirubin. 
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Powe 114 Macro Micro Adaptation 
Case Mg./100 ml. Mg./100 ml. 
Babe 1 11.5 11.5 
Babe 2 8.h 7.8 
Babe 3 13.) 12.4 
Babe | 16.2 16.0 
Babe 5 7.8 7.5 
Babe 6 16.) 16.2 
Babe 7 3.8 3.9 
Babe 8 26.0 25.3 
Figure 5 


Comparison of Powell’ macro with micro adaptation of Powell’s method. Serum bilirubin deter- 
minations on same samples of serum. 


In their observations on the use of Powell’ technic, Sims and Horn’ 
found the addition of nitrite to the hydrochloric acid blank solution 
aided in preventing interference of slight hemolysis. In our experience 
this was no more effective than using diazo solution “A” and serum 
as the blank. 

In the preparation of the S.B.U. reagent, it has been found that single 
distilled water from highly chlorinated sources will produce a blue color 
instead of the characteristic red color of the azobilirubin. This is avoided 
by using distilled water which has been put through the ion exchange 
demineralizer or by using triple distilled water. 

It has been our practice to rinse the Lang-Levy pipette with the diluent. 
This is impossible in this technic owing to the small amount of solution 
available. It has been found that very close checks with the macro 
method have been reached without such rinsing (Fig. 5). If the serum 
is measured first with the Lang-Levy pipette, the pipette rinsed with dis- 
tilled water, then three times with diazo “A” reagent for the “Blank,” 
and then three times with the fresh diazo reagent (3) for the “Test,” 
one 10 or 20 lambda pipette can be used for the entire determination. 

Serum for the working standard solution was obtained from the blood 
bank. Pooled blood bank serum with 0.25 mg. total bilirubin was used. This 
value was considered not significant in the determination of total or 
indirect reacting bilirubin. 
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Summary 

An ultramicro method is presented. This is an adaptation of modified 
macro method of Powell.* With the use of the ultramicro cuvettes and 
the semi-micro adapter for the Coleman Junior Spectrophotometer, ex- 
cellent agreement in results is found when compared with the macro 
method. 

There is little interference trom mild hemolysis in the serum because 
of the acidity of the diazo reagent “A” used in the blank and the use 
of a wavelength of 530 my for the determination of color density. 

In view of our experimental evidence, it might be suggested that there 
is some form of bilirubin present in the serum of the erythroblastotic 
infants which reacts more promptly in an aqueous solution such as 
sodium benzoate-urea reagent than in alcohol even in the presence of 
abnormal hemoglobin pigments. 

So far during the year of use of this adaptation, there has been no 
time when the color intensified after the five minute standing time. It is 
felt that the method is a valuable aid in the diagnosis and management 
of erythroblastosis fetalis. 
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cial Applications of Cell and Tissue Cul- 
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one of the newest fields of medical tech- 
nology. 


280 


The American Journal of Medical Technology 


ANATOMY AND PHYSIOLOGY. Volume | 
Cells, Tissues, Integument, Skeletal, Musecy 
lar and Digestive Systems, Blood, Lymph 
and Circulatory System. Edward B. Steen 
Ph.D. and Ashley Montagu, Ph.D 
Noble, Inc., New York. 1959. 332 
illustrations. Paper Back, $2.50 


Barnes 
paces, 88 


PRIMER IN MEDICAL TECHNOLOGY 
Paul M. Kraemer, Dept. of Health and Hos 
pitals, City and County of Denver, Colorado 
Charles ( Thomas, Publisher, 


Springtield 
Illinois 1958 338) pages 


illustrations 
Anything with the implication of “ 
cuts” or “primers” on the subject of 
medical technology, in view of current 
trends in techniques, becomes “suspect” 
immediately. Over-simplification is dar 
gerous, and especially so when a volume 
is especially “beamed” toward a reader 
ship whose “voluminous background in 
the basic sciences is not 


short 


assumed” 
Chere are too many other books avail 
able to include this “Primer” in a train 
ing or other clinical laboratory 


PRACTICAL BLOOD TRANSFUSIONS, J. D 
James, M.R.C.S L.R.C.P., Director Nortt 
London Blood Transfusion Service with 
foreword by P. L. Mollison, M.D., 
Director, Medical Research Council's Blood 
Transfusion Research Unit; Lecturer in the 
Dept of Medicine Postgraduate Medical 
School of London. Charles C. Thomas, Put 
lisher, Springfield, Illinois. 1958. 187 pages 
7 plates. 15 figures. $4.50 

The organization of British Transfusior 

Service is described with its relation to 

the laboratory. Laboratory techniques 

are detailed, with special attention given 
to transfusion 
legal aspects 


reactions, hazards, and 


PRACTICAL BLOOD GROUPING. F. Strat 
ton M.D., D.P.H Director Blood 
Transfusion Service, Manchester; Special 
Lecturer in Human Serology, The Victoria 


University of Manchester, and P. H 
M.D., B.S« Deputy Director, Blood Trans 
fusion Service Manchester Charles { 
Thomas, Publisher, Springfield, Illinois, 1958 
331 pages. 16 plates. 5 figures, $9.00 

Completely detailed descriptions of: tech- 
niques employed routinely are included 
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A MODIFICATION OF THE MALLOY AND EVELYN 
PROCEDURE FOR THE MICRO-DETERMINATION OF 
TOTAL SERUM BILIRUBIN* 


CECELIA K. HOGG, M.T. (ASCP), AND SAMUEL MEITES, Ph.D. 
Clinical Laboratory, The Children’s Hospital, Columbus, Ohio 


Recent work (4) on the quality of the van den Bergh reagent (7, 8) 
used in the measurement of total serum bilirubin by the Malloy and 
Evelyn procedure (3) indicated the reagent may be improved in two 
ways: 

1) Increased total color development of azobilirubin, which permits 

smaller volumes of serum to be employed without loss of accuracy. 

2) Accelerated rate of color development which is complete in ten 
minutes, thereby, enabling clinicians to obtain results in instances 
when speed is essential, e.g. in the diagnosis of erythroblastosis 
fetalis. 

An evaluation of a modified diazo reagent which accomplishes these 
purposes is presented. 

In addition, a simple micro-modification of the Malloy and Evelyn 
procedure is presented for use with the Coleman, Jr. and Beckman Du 
spectrophotometers. 


METHODS 

\ stock bilirubin standard was prepared by dissolving 25 mg. of bili- 
rubin (Eastman) in 4 ml. of a solution of 5.0 N sodium hydroxide and 
Sorenson buffer, pH 11.3 (5) and diluting to 100 ml. with pooled serum. 
The clear, apparently hemolysis-free, serum was obtained from pilot 
tubes removed from blood donor bottles. The bilirubin value of this 
serum was determined, and the concentration taken into consideration 
when the diluted standards were prepared. Dilutions of the stock stand- 
ard of 1, 2, 4, 8, 16 and 20 mg.% were prepared in pooled serum. 

A 20 mg.% stock standard of bilirubin dissolved in chloroform was 
prepared. Working standards were made by dilution of the stock stand- 
ard with methanol. 

Total bilirubin determinations were performed on sera and standards 
using the 19x150 mm. and the 10x75 mm. absorption cells from the 
Coleman, Jr., and the 10 mm. cells for the Beckman Du spectrophotom 
eter. The absorbance-concentration curves were plotted, as shown in 
Fig. 1. The serum standards were tubed, frozen and stored at —10°C, 
for future use. 

The modified diazo reagent consisted of a freshly prepared mixture 
of 10 ml. of Diazo A (containing 5 gm. sulfanilic acid and 60 ml. conc. 
hydrochloric, per liter) and 0.3 ml. of Diazo B (containing 2.0 gm.% 
sodium nitrite). The diazo blank consisted of 60 ml. of concentrated hydro- 
chloric acid per liter. ’ 

The unmodified diazo reagent as used in the usual van den Bergh 
reagent, consisted of a freshly prepared mixture of Diazo A (containing 
1 gm. sulfanilic acid and 15 ml. conc. hydrochloric acid per liter) and 
0.3 ml. of Diazo B (containing 0.5 gm.% sodium nitrite). The diazo 


*Read before the 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959. 
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blank consisted of 15 ml. of concentrated hydrochloric acid per liter. 
The micro-procedure for total bilirubin was as follows: 

Into a small test tube (12x75, or smaller) pipet 0.9 ml. of water, 

followed by 0.1 ml. of hemolysis-free serum. 

Into each of two 10 mm. absorption cells (patient and blank) pipet 

0.5 ml. of absolute methanol. 


3. Into the blank cell, pipet 0.1 ml. of diazo blank. Mix by tapping. 

4. Into the patient’s cell, pipet 0.1 ml. of modified diazo reagent. Mix 
by tapping. 

5. Into each cell, pipet 0.4 ml. of the diluted serum. Mix vigorously 
by tapping. 

6. Allow the cells to stand 10 minutes for full color development. 

7. Determine the absorbance at 560 mu wavelength, in the spectro- 


photometer. 

An absorbance-concentration curve was used for obtaining the bili 
rubin values, with frequent checks of the points on the curve with the 
frozen standards. 

For comparative purposes the micro-procedure given above was also 
used with the unmodified van den Bergh reagent. The micro-procedure 
was also carried out with the two diazo reagents, using ten times the 
volumes employed in the micro-procedure, with final readings made in 
19x150 mm. absorption cells. Readings of absorbance with the macro 
procedure using the modified reagent were made at 560 mu, after 10 
minutes standing, whereas with the unmodified reagent (macro-micro 
procedure) they were made at 540 mu, after 30 minutes standing. 

Sera from normal individuals and from patients with jaundice of both 
the obstructive and hemolytic types were collected and frozen until 
used. 

RESULTS 
Fig. 1 shows the absorbance-concentration curves obtained with bili- 


rubin standards prepared in serum. Up to 15 mg.% of bilirubin concen- 
tration the modified reagent gives what appears to be a truer obedi- 


Figure 1 
Comparison of absorbance values obtained with bilirubin standards prepared in pooled serum. 
Procedure of Malloy and Evelyn for total bilirubin. Modified van den Bergh reagent in text. 
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ence to Beer’s Law than the unmodified reagent. Above 15 mg.%, 
marked deviation from Beer’s Law appears; hence, sera with concen- 
trations above this value should be diluted (9). The 20% or more in- 
crease in the total color development of azobilirubin obtained with the 
modified diazo reagent is readily apparent. 

A comparison of the absorbance-concentration curves obtained with 
bilirubin standards prepared from chloroform solutions with standards 
prepared in pooled serum is shown in Fig. 2. Less color development 
is obtained in the presence of serum. 
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Figure 2 
Comparison of total bilirubin values obtained by use of standards prepared in pooled serum with 
standards prepared in chloroform and methanol. Macro procedure of Malloy and Evelyn. 19 x 150 
mm. absorption cells. 


Table 1 shows the values for total bilirubin obtained with the two 
diazo reagents when 34 sera, containing a variety of concentrations of 
bilirubin (direct and indirect), are tested. 

Although a detailed study of the direct-reacting bilirubin has not been 
made, the values obtained for the l-minute (1) and the 5-minute (2) 
direct reaction are included for most of the sera. The direct reaction 
was carried out as usual with the Malloy and Evelyn procedure, with 
the substitution of water for methanol. The values obtained with the 
modified reagent are slightly higher than with the unmodified reagent. 
The sera from patients with erythroblastosis fetalis, which contain in- 
direct-reacting bilirubin almost exclusively, show only a slightly ele- 
vated amount of direct-reacting bilirubin when the modified is com- 
pared with the unmodified reagent. In no serum from patients with 
erythroblastosis fetalis did the value for the 5 minute direct reaction 
exceed 1.0 mg.%. 


DISCUSSION 
The micro-procedure for total bilirubin merely represents the usual 
Malloy and Evelyn procedure with the volumes of all solutions reduced 
to one-tenth the original. The agreement between the macro- and Micro- 
procedures appears, on the whole, to be excellent. The accuracy of the 
micro-procedure is increased with the modified diazo reagent since more 
color density is obtained, along with obedience to Beer’s Law up to a 
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TABLE | 


Comparison of Diazo Reagents With Macro- and Micro- Procedures (Malloy & Evelyn) 


Unmodified van den Bergh Reagent Modified van den Bergh Reagent 


I-min. | 5-min. 1-min. 5-min. 
Direct Direct Total-30 min. Direct Direct Total-10 min. 
mg.% | mg. % mg. mg. % mg. % mg. % 
‘SERUM f aif | 
TYPE (Micro Macro Micro Macro| Micro | Macro |Micro Macro Micro Macro) Micro | Macro 
(ave.of 10) 0.1 0.5 0.1 0.5 
“Direct” 
containing} 0.7 0.6 0.8 0.8 2.6 2.4 0.9 0.8 1.0 0.9 2.3 2 
1.4 4.9 1.9 4.6 
1.6 1.5 1.9 1.8 8.5 8.3 1.9 2.2 2.2 2.4 8.1 7.9 
1.7 1.7 2.2 2.3 3.9 3.5 1.9 2.0 2.3 2.3 4.0 4.0 
2.1 2.0 2.7 2.5 5.2 4.9 2.2 2.3 2.7 2.7 4.7 4.8 
2.4 2.3 3.6 3.2 5.3 5.4 2.9 3.0 3.4 3.5 5.3 .2 
2.8 2.9 3.7 3.9 17.2 16.9 3.8 3.9 4.2 4.3 17.2 . 
2.9 8.5 3.6 8.1 
3.3 3.1 4.1 3.8 6.4 6.5 ts tS 4.2 4.1 6.2 6 
3.5 3.3 4.8 4.6 9.0 8.6 4.1 4.3 4.9 5.0 8.6 8 
5.8 0.8 7.4 7.4 13.7 14.9 6.7 6.9 7.5 7.5 12.7 12.7 
“s 7.4 8.1 11.3 11.4 > 20 > 20 9.9 9.9 11.5 11.6 > 20 > 20 
“Indirect” 
containing 0.0 0.1 0.0 0.3 2.2 2.4 0.3 0.4 0.6 0.7 2.6 24 
7 0.5 0.2 0.5 0.2 3.5 3.7 0.4 0.4 0.5 0.6 3.6 4 
0.1 0.2; 06 0.4 4.1 4.4 03 06 07 3.9 4.1 
0.1 “0.2 0.2 0.3 6.1 5.8 0.2 0.4 0.4 0.6 5.8 5.7 
03] 05] 05 7.5 05| 07| 06| 7.0 7 
05| 04| 07| 06 8.5 $11 06| 05| 07| 07 8.2 8.2 
0.1 0.3 0.4 0.3 10.5 10.1 0.4 0.4 0.6 0.6 9.6 9.7 
0.3 0.3 0.4 0.5 10.1 10.1 0.6 0.9 0.9 0.9 9.6 9.6 
0.0 0.5 0.1 0.5 10.5 10.8 0.4 06 0.7 0.8 9.8 10.1 
0.7 0.4 1.0 0.5 15.4 15.2 0.7 0.6 0.9 0.8 13.9 14.1 
0.5 0.5 0.7 0.7 19.7 19.7 0.6 08 0.9 0.9 19.4 19.2 
03| 04, 06| 06 210 202) 05| 09| 10| 192| 194 


= 


* Actual total values not determined. 


concentration of bilirubin of 15 mg.% (Fig. 1). The color appears to 
be stable for at least three hours (4). The acceleration of the reaction 
makes possible a total bilirubin reading at the end of 10 minutes, which 
is a reduction of 20 minutes over the usual waiting period. Although 
White and Duncan (9) first pointed out the accelerating effect of in 
creased sulfanilic acid concentration, more than one factor is involved 
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(4). The coupling, at high bilirubin concentration, requires 10 rather 
than the 5-minutes they recommended for completion. 

The use of pooled serum (Fig. 2) for preparation of bilirubin stand- 
ards is recommended, since it was shown by White and Duncan (9) 
that 10% higher values are obtained with standards prepared from 
chloroform and methanol solutions. As was recently demonstrated, al- 
bumin alone does not cause the decrease in absorbance (4). Hemolysis 
definitely causes a reduction in bilirubin values. Since the average serum 
contains about 30 mg.% of dissolved hemoglobin, (5, 6) this factor may 
be an important cause. 

The results obtained demonstrate that much more direct-reacting 
bilirubin reacts with the modified reagent in the 1-minute, and slightly 
more in the 5-minute procedure, than with the unmodified reagent. Only 
a small part of this is due to an increased rate of reaction of the indi- 
rect-reacting bilirubin in aqueous solution, since the sera from patients 
with erythroblasosis fetalis gave only a moderately increased amount of 
5-minute direct values, when the two reagents were compared (Table 1). 
Lathe and Ruthven (2) have pointed out that the direct bilirubin can be 
distinguished best from the indirect bilirubin by utilizing two condi- 
tions: 

1) Low pH 

2) Low concentration of diazotized sulfanilic acid. 

The increased acidity of the modified diazo reagents is, according to 
their findings, favorable for the direct reaction; whereas the concentra- 
tion of diazotized sulfanilic acid, due to the increased nitric concentra- 
tion, is not. The latter factor, it must be reemphasized, does not appear 
to cause unusually high direct bilirubin values when tested with sera 
containing high values of indirect bilirubin. 

The 5-minute reaction for direct-reacting bilirubin has much to com- 
mend it, since the data show that the increased values obtained at the 
end of 5-minutes is due primarily to more direct-reacting bilirubin being 
coupled. It would be preferable not to dilute the serum for the 5-minute 
direct reaction unless initial values for the direct bilirubin values are 
above 15 mg.%. Dilution of serum causes more indirect-reacting bili- 
rubin to react in aqueous solution (2). For the total bilirubin estima- 
tion, it is essential that sera which give bilirubin values above 15 mg.% 
be diluted. 


Summary and Conclusions 

1. A modified van de Bergh reagent has been evaluated with sera con- 
taining varying amounts of direct- and indirect-reacting bilirubin, 
using the procedure of Malloy and Evelyn. 

2. For total bilirubin, there is excellent agreement obtained with the 
two diazo reagents. The modified reagent offers the advantages of 
increased total color development and acceleration of coupling, 
which is complete in 10 minutes. 

3. Values for direct-reacting bilirubin are more validly obtained at 
five minutes for both the modified and unmodified reagents. The 
modified van den Bergh reagent gives only slightly higher values 
than the unmodified reagent. 
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4. A micro-procedure for total bilirubin, employing 0.1 ml. of serum 
with the modified van den Bergh reagent is proposed for use with 
the Coleman, Jr. and Beckman Du spectrophotometers. 
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A TRAINING PROGRAM FOR MEDICAL LABORATORY 
ASSISTANTS* 
VERNA RAUSCH, M.S., M.T. (ASCP), RUTH HOVDE, M.S., M.T. (ASCP) 
AND MARGARET OHLEN, B.S. M.T. (ASCP) 
University of Minnesota, Minneapolis, Minnesota 


Introduction 

For more than a decade the Minnesota Medical Association as well as other 
individuals have requested that the University of Minnesota establish a train- 
ing program for laboratory assistants particularly for physicians’ offices. 
Commercial attempts at short term training courses in laboratory tech- 
niques have produced generally unsatisfactory results. The administra- 
tive officers of the U. of M. College of Medical Sciences delayed positive 
action on the request basically because certain facts pertinent to the 
problem were unknown; namely, the exact need in Minnesota for labora- 
tory personnel and whether or not all other possible solutions had been 
investigated. At that time, also, the position of the profession of Medical 
Technology throughout the state was not sufficiently strong to under- 
take such a program nor were there adequate facilities available for this 
type of specialized vocational training. 

As an outgrowth of this problem the hospital services division of the 
Minnesota Dept. of Health was requested to form a committee composed 
of representatives from the various health associations, societies, and 
agencies concerned with this problem to discuss ways and means of 
instituting a program to improve diagnostic services in rural areas in 
the state. The first procedure was to send a questionnaire (in 1951) to 
all physicians and hospitals in Minnesota to ascertain the extent of exist- 
ing laboratory facilities and personnel needs. In general, the conclusions 
from the returns from 700 physicians and 180 hospitals indicated: 1) 
absolute need for more and better trained laboratory personnel for hos- 
pital work: 2) the assistant well trained in only certain uncomplicated 
technical procedures combined with other duties could be well utilized 
in physicians’ offices and in hospitals under proper supervision ; 3) inter- 
est in the services of a visiting and consulting technologist; and (4 
interest in refresher courses to improve the effectiveness of the present 
working personnel. 

In the ensuing years the activities of this committee together with 
the growing interest among the Medical Technologists to help solve the 
need for adequate laboratory service for patients, revealed other con- 
cepts and facets of the general situation. The survey had showed that 
the shortage of laboratory personnel was pi irticularly acute in the physi- 
cians’ offices and in the small community hospitals; but if all the hos- 
pital schools approved for training Medical Technologists (ASCP) in 
Minnesota had a full quota of students, there still would be an insuffi- 
cient supply to meet the full demand. Furthermore, the registered 
medical technologists preferred to work in urban hospitals rather than 
in physicians’ offices or in rural communities in spite of salary induce- 
ments. Apparently this situation was in part due to the fact that labora- 
tory activities were usually limited (by circumstances of the needs of the 
medical staff in the small hospitals) to within relatively narrow con- 


* Read before the 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959. 
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fines within the total potential for which the registered medical tech- 
nologist is trained. There was general agreement that with proper 
selection of trainees certain technical procedures could be learned by 
repeated practice under good supervision but that such training could 
best be accomplished by a formal program. It was found that there were 
several hospitals in the state with laboratory facilities and staff not ade- 
quate for the requirements for a program of training for the registered 
medical technologist (ASCP) but entirely adequate for the training of 
laboratory assistants. It is a well-known fact that almost every hospital 
laboratory in the country has personnel who have been individually 
trained in a few procedures by on-the-job method. This type of training 
brings up a point of philosophy about the fairness of this to such indi- 
viduals. The training and employment of such people implies they are 
qualified to work in a particular laboratory but does not give a training 
useful to the individual in another situation or in another laboratory, 
The professional medical technologists have come to realize that this 
aspect of laboratory service cannot be delegated to some other agency 
and are recognizing their responsibility in guiding and directing the 
training and work of laboratory assistants. 

Without going into greater detail, efforts were made using all devices 
immediately at hand to implement the improvement of laboratory serv- 
ices as suggested by the survey in the areas of additional and continuing 
active recruitment activities, for securing a medical technology con 
sultant service, and a strenuous well-organized program of regional 
refresher courses. It might be stated here that the refresher courses were 
considered extremely useful and important as a necessary part of main- 
taining good laboratory service. However, refresher courses per se do 
not provide the answer to the basic problem of enough personnel with 
adequate training for the job at hand. 


After giving serious consideration to all the foregoing information 
and with other solutions not immediately apparent, the state university 
agreed to conduct a program, on an experimental basis, for laboratory 
assistants with the provision that the medical technologists, the pathol 
ogists, the physicians, and the hospital administrators, all give active 
support to such a program. It was very evident that to be successful in 
this effort all groups concerned must be fully informed and must com- 
pletely understand the purpose and objectives of the program. This 
point is stressed because it is probably the keystone of the whole pro- 
gram and represents a sound method of operation. 


Accordingly an Advisory Committee was formed with representatives 
from the Minn. Society of Medical Technologists, the Minn. Society of Clin- 
ical Pathologists, the Minn. Department of Health, the General Extension 
Division of the U. of M. and the medical technology course in the College of 
Medical Sciences with consultants from the Minn. Medical Association and 
the Minn. Hospital Association. The original purpose of the Advisory 
Committee was for formation of policy with regard to the program. The 
committee has continued to function in this capacity with the additional 
duties of liaison and communication among the participating groups. 


The program was organized as a 12 month course with fiscal admin- 
istration under the General [’xtension Division of the U. of M. and the aca- 
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demic administration under the direction of the faculty of Medical Technol- 
ogy in the College of Medical Sciences. In preliminary conferences with the 
hospitals eligible for affiliation with the program the hospitals expressed in- 
terest in participation only if the students were selected and given introduc- 
tory courses by the University. None were interested in a program in which 
the major responsibility rested with the individual hospital because this 
situation would lead to an expansion of the on-the-job training type of 
program. On the other hand, the University did not have the necessary 
facilities to offer practical laboratory experience for these students. Thus 
the general plan of organization resulted in a program with six months 
of didactic course work and accompanying laboratory practice at the 
University under the direction of the faculty in Medical Technology and 
six months of hospital laboratory experience under the supervision of 
pathologists and registered (ASCI’) medical technologists. 

The Advisory Committee recommended also that the extent and con- 
tent of the training be determined by 1) those laboratory procedures 
that could be taught adequately and safely in the one year period by 
means of repetition and supervised practice and 2) those laboratory pro- 
cedures that would be most useful for the average physician’s office 
practice or are requested most frequently and routinely in the hospital 
laboratory. 


Admission policies 

The entrance requirments have been revised as experience was gained 
in selection of students for this training. Original requirements were too 
low and the poorer students were unable to complete the training. At 
the present time the requirements are: 


Graduation from an accredited high school with scholastic rank 
the 50th percentile or higher; 


. College aptitude rating of 50 or higher; the college aptitude rating 
is the average of the high school rank percentile and the percentile 
score in the A.C.E. (American Council on Education Psychological 
Examination) ; 

3. Grade of “C” or better in high school chemistry ; 

4. Satisfactory personal references ; 

5. Residence in the state, preferably. 

The scholastic requirements are higher than those required for ad- 
mission to the college of Science, Literature, and the Arts of the U. of M. 
Because a great deal of new material is given to the students in a 
relatively short period of time, the students must be of high ability. 

The course is restricted to females since the limited employment op- 
portunities and salaries for which the Medical Laboratory Assistants 
are eligible do not warrant a man taking the training. Upon acceptance, 
all students are interviewed by one of the instructors in the program. 
At this time the limits of the training and the intent of the program are 
explained, and the motivation of the student is elicited. All students are 
encouraged to consider the four year degree program in Medical Tech- 
nology, especially those applicants presenting previous college work. 
The applicants elect to take this course for one or more of the follow- 
ing reasons: 
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1. They are unable to afford longer than a twelve month post-high 
school education ; 
. They are not sure of their vocational choice in laboratory work and 
hesitate to begin a four year course; 

3. They plan to be married soon; 

4. They are not interested in any education which extends beyond one 

year. 

It is our opinion that if this program were not available, all of the appli- 
cants would enter a commercial or trade-school type of laboratory 
training program. At the time of initial registration the students are 
required to pass an entrance health examination. 


Curriculum 

The students enroll for classes for two quarters with the General Ex 
tension Division. The subjects covered during this period are: 

1. Elementary inorganic, organic, physiological chemistry—lecture 

only. 

2. Elementary anatomy and physiology—lecture only. 

3. Techniques in clinical chemistry—lecture and laboratory. 

4. Hematologic techniques—lecture and laboratory. 

5. Urinalysis—lecture and laboratory. 

6. Techniques in BMR and EKG—lecture and laboratory. 

7. Techniques in blood bank procedures—lecture and laboratory. 

8. Elementary bacteriology—lecture and laboratory. 

9. Ethics and orientation to hospital—lecture only. 

The details of these courses are given in Appendix A. 

In the laboratory sections the students are under constant close super- 
vision ; the ratio of students to instructors is 7 to 1. Individual instruc- 
tion is given. Often the students need to spend extra hours outside of 
the regularly scheduled class periods to achieve satisfactory perform- 
ance. The students also prepare and standardize many of the reagents 
used in the laboratory sections. The students are encouraged to ask 
questions in class and are given outside reading assignments in various 
textbooks to further their knowledge in laboratory techniques. No one 
textbook was found to be completely adequate for the students; there- 
fore, the manuals for the laboratory courses were prepared by the in 
structors. Mathematical problems relating primarily to hematology and 
chemistry are included in the students’ homework assignments. 

Written and practical examinations are included as an additional check 
on the students’ progress. During the six months of academic work 
grades are submitted to the General Extension Division at the end of each 
quarter. Students who fail to maintain a C average are placed on probation ; 
to remove the probationary status, satisfactory improvement must be 
shown. Any student who fails a course is dropped from the program. In 
the five years covered by this report, a total of nine students have been 
dropped for poor scholastic achievement, and thirty students have been 
placed on probation of whom only one failed to complete the course. 
Examples of the examination questions are given in Appendix B. 
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Faculty 

The courses listed previously under Curriculum are taught by ASCP 
registered medical technologists who also possess a baccalaureate de- 
gree. The fulltime responsibility of these instructors is the teaching of 
the medical laboratory assistant students; these technologists share no 
responsibility for teaching the medical technology students or for hos- 
pital service duty. 

One of the medical technologists serves as coordinator for the pro- 
gram. In this capacity her primary function is to integrate all aspects of 
the academic and hospital work into one complete working unit. The co- 
ordinator’s duties include: 

1. Answering all correspondence (applications, requests for informa- 

tion, job opportunities, etc.) ; 

2. Conducting personal interviews and registration ; 

3. Planning class and examination schedules; 

4. Reporting grades to the extension division; 

5. Teaching some laboratory classes ; 

6. Coordinating hospital phase of training, including periodic visits 

and interviews; 

7. Serving a chairman of the Advisory Committee. 

There has been much confusion about the relationship of the medical 
laboratory assistant program to the degree program in medical tech- 
nology and particularly to the year of training in an approved hospital. 
These two programs are entirely separate. The students in the fourth 
year of the medical technology program are taught in the service hos- 
pital laboratories of the University of Minnesota Hospitals. The students in 
the medical laboratory assistant program are taught in the teaching labo- 
ratories which are physically separated from the hospital laboratories. 
The medical laboratory assistant students have no patient contact dur- 
ing the first six months of the program; this experience is provided in 
the hospital training during the last six months of the program. 

After satisfactory completion of courses at the University, the students 
are assigned to a hospital for clinical experience. Whenever possible, the 
hospital assignment is made according to students’ personal preferences 
and the locations of their homes. 

Hospitals affiliated with the program must agree to a few basic opera- 
tional principles: 

1. The hospital must not have an AMA approved school for training 
medical technologists. It is the policy of the Advisory Committee 
that the students in the two programs should not be taught in the 
same institution. 


. The hospital must furnish the noon meal and launder uniforms. 

3. The hospital must employ at least one registered medical technol- 
ogist (ASCP) on the staff who is responsible for instruction of the 
students. This person will have other duties and does not need to 
do all the teaching but must be responsible for the training. 

4. The hospital must have a pathologist, at least on a consulting basis. 

. The hospital must have an adequate number and variety of labo- 

ratory determinations to insure adequate experience for the student. 


VERNA RAUSCH, RUTH HOVDE, MARGARET OHLEN 


Before a hospital is granted affiliation, a visit is made by the coordi 
nator to explain the responsibility and scope of the hospital phase of 
training and to evaluate the space, equipment, and teaching personnel. 

Each supervisor is supplied with a complete set of laboratory proce- 
dures performed by the student in her academic courses. In this way, 
the programs in the various affiliated hospitals are standardized and 
integrated, 

The detailed information about the hospitals participating in the pro 
gram is given in Appendix C. 

The rotation plan through the hospital laboratories varies somewhat 
from hospital to hospital and depends in a large measure on the physical 
arrangement of the laboratory. In general all participating hospitals use 
the following schedule as a guide. 


During the hospital rotation, the student gains experience in a clin 
ical situation in those procedures she has learned to do accurately in 
the pre-hospital classwork. In addition the student learns organization 
of work, awareness of the clinical need for the test, new experience in 
venepuncture, orientation to cross-match techniques, practice in record 
keeping, experience in week-end duty under supervision, and the posi- 
tion and responsibility of the Medical Technologist. One of the most im- 
portant items emphasized in the hospital phase is the limitation of the 
training of the medical laboratory assistant. 

\s indicated in the course content only brief parts of some areas of 
laboratory work are covered. Proper handling of bacteriological speci 
mens and sterile techniques are the only elements of bacteriology 
included in the program. Diagnostic bacteriology requires more theo- 
retical background and laboratory training than can be safely taught in 
a limited time. Hematologic techniques in morphology are limited to the 
preparation of a good film, the qualities of an adequate stain, and the 
morphological examination with recognition of normal cells. Students 
are taught to report deviations from the normal to the technologist, 
pathologist, or physician. 

The extent of the training in blood bank techniques was a difficult 
problem to resolve. In this area of laboratory work particularly, a physi 
cian’s clinical judgment is not interposed between the result of the labo 
ratory determination and the administration of the cross-matched unit 
of blood. The typing and cross-match are accepted as correct. Because 
the advisory committee believed then (and now) that blood bank tech 
niques can not be taught adequately nor safely in a short period of time 
without proper theoretical preparation, no practical experience was 
included in this area for the first group of students. Advisory groups, 
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interested in the situation existing in the smaller community hospitals, 
requested that this area of training be re-evaluated. These advisors knew 
of instances where persons with little or no training were presently doing 
blood bank work. The concensus was that some of the Medical Labo 
ratory Assistants would be placed in situations where blood bank tech 
niques would be required, such as the typing of obstetrical patients for 
ABO and Rh factors. It was decided, therefore, to teach correct ABO 
and Kh typing methods to the students, to orient them thoroughly to the dif 
ficulties and responsibilities of the transfusion service, and to have them 
observe cross-match techniques. In the hospital training the students 
perform a few duplicate cross-matches under supervision. As a conse 
quence of the constant reiteration of the dangers of errors, the Medical 
Laboratory Assistants are reluctant to take jobs which require work in 
the blood bank area. 

The processing of surgical or autopsy specimens for pathological 
examination is not included in any phase of the training. This area was 
deleted from the program because training in histologic technique is 
provided by other special training courses with subsequent certification 
by the Board of Registry. The limited time devoted to the training of 
the medical laboratory assistant ts better used for experience in_ those 
procedures more commonly needed in a physician's office practice. It is 
noted that some Medical Laboratory Assistants have been taught his 
tologic techniques by their employers subsequent to completion of this 
course. 

During the time the students are in training at the hospitals they work 
under the supervision of the technologist and pathologist. Although their 
technical work was judged as accurate and correct before they were per- 
mitted to advance to the hospital phase, the students are again checked 
in a clinical atmosphere on patient material primarily by means of dupli- 
cation of their own work and that of the supervising technologists. After 
obtaining satisfactory performance on practice material, the students 
perform tests on patients. During approximately the last three months 
of the hospital phase, the students return service to the hospital in 
exchange for the training. All of the student work is checked by the 
supervisor. 

The students are graded by means of writen examinations and rating 
forms which are completed by each technologist who works with a stu- 
dent. These examinations and evaluations are reviewed with the student 
during progress interviews and then are transmitted to the University 
for filing with the rest of the students’ records. A copy of the rating 
form is included in Appendix D. The records kept for each applicant 
for the course are outlined below: 

1. Application: (personal information, work experience, and charac- 

ter references. ) 

2. High school scholastic record (also college scholastic record if avail- 
able). 

. Personality rating by high school teachers. 
. Photography. 


. Interview notes—original and progress. 
6. Scholastic record during course. 
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7. Employment record after completion of course. 
8. Correspondence with or about student. 


An average of three visits are made by the coordinator from the uni- 
versity during the hospital phase. At these times the student and super- 
visor are interviewed both separately and together to ascertain the 
student’s progress and ability as a medical laboratory assistant. 

At the completion of the training the students take a series of prac- 
tical and written examinations prepared and graded by the faculty of 
the medical laboratory assistant program. For the past three years these 
examinations have been given at the training hospital to maintain the 
best possible test situation. Written examinations are given in clinical 
chemistry, hematologic techniques, urinalysis (including gastric analysis 
and occult blood determinations) BMR, ECG, and blood bank. In each 
field some questions are purposely included which are beyond the scope 
of the student; the presence of these difficult questions is known to the 
student. The purpose of these more difficult questions is to assist in 
evaluating how well the student understands the limitations of the 
training and how much the staff of affiliated hospital laboratories have 
permitted the student to do without proper background. Practical exam- 
inations are given in clinical chemistry, hematologic techniques, urinal- 
ysis, and blood bank. In each instance independent determinations are 
performed and reported by a staff technologist and the student. To con- 
trol possible deterioration during transit of the specimens for the prac- 
tical examinations and to chart the decrease in leucocyte count known 
to occur with time, duplicate specimens are kept at the university and 
run at daily intervals for approximately a week. The results of all exam- 
inations and evaluations are used to determine the eligibility of the 
student for certification of completion of the course. The results of the 
final examinations are sent to the students, supervisors, and pathologists 
together with the ranges and averages of the results on the test speci- 
mens reported by all participating hospitals. No attempt is made to give 
the “correct” answer to the determination; the supervisors and pathol- 
ogists, however, are encouraged to evaluate the results of their deter- 
minations against the results from other participating hospitals and to 
investigate any existing discrepancies. 


Certification 

Upon satisfactory completion of all phases of the program, the student 
is awarded a certificate of completion from the General Extension Division 
of the University of Minnesota. In May of 1958 a pin for students com- 
pleting the medical laboratory assistant program was designed by a com- 
mittee of two Medical Technologists and three Medical Laboratory 
Assistant students. The pin design was approved by the Minnesota Society 
of Medical Technologists and the medical laboratory assistant student body. 

In 1958 the Minnesota Society of Clinical Pathologists and the Minn. 
Society of Medical Technologists established the Medical Laboratory 
Assistants Certification Board of the two societies. This incorporated Board 
has established criteria for training schools and hospitals for medical labo- 
ratory assistants and requirements for examination and certification. 
Upon successful completion of the requirements and examination con- 
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ducted by the Board, the examinee is awarded a certificate and per- 
mitted to use the designation MLA (MSCP). This designation is recognized 
as indicating an approved level of training as a medical laboratory assistant 
by the state medical association, the state hospital association, the Minnesota 
Department of Health and the Minnesota Department of Education.* 

Questions have been raised about the qualifications of persons eligible 
for this certification. Some persons propose that laboratory people 
trained on-the-job or in a short term program of questionable nature 
should be eligible for certification on the basis of ability to perform well 
in a given laboratory under specific circumstances. The certification of 
medical technologists, physicians, medical specialists, nurses, physical 
therapists, and dietitians, however, is on the basis of training and edu- 
cation, established by recognized authorities in the field, and not upon 
the ability to perform the skills associated with the profession. The 
MLA certification board has acted as the authority in establishing the 
criteria for the training and education for a sub-professional group of 
laboratory personnel. In order to be certified these criteria must be sat- 
isfied. It would be difficult, if not impossible, to establish criteria based 
on performance without making a separate set of criteria for each indi- 
vidual case. 

It is pertinent to this report to mention the position of the Board of 
Registry of the ASCP regarding this program. At the time of the incep- 
tion of this course, the Registry certified persons as laboratory aides. 
The requirements for examination for such certification were one year 
of training under direction of a pathologist and one year of experience 
in an acceptable laboratory. The area and extent of training, however, 
were not defined nor had criteria for schools been established. This cer- 
tification was discontinued in 1954. The Board of Registry was informed 
of our plans for a laboratory assistant program ; the members expressed 
an interest and unofficially encouraged us to try the program on an 
experimental basis. 


Financial support 

The students pay tuition during the two quarters at the university. 
At the present time the total amount of tuition and fees is $244. In addi- 
tion the students purchase required books and supplies and rent micro- 
scopes for the laboratory courses. The General Extension Division retains a 
small amount of the tuition for administrative purposes; the remainder is 
returned to the Department of Medical Technology. The students pay no 
fee during the six months of hospital work but do supply their uniforms 
and shoes for the hospital phase of training. With the exception of lunch dur- 
ing the hospital phase, the students supply their room and board for the 
full 12 months. For the first years of the program the only support came 
from student fees. The Medical Technology faculty and the laboratory 
staff of the university. Hospitals contributed the instructor time; dur- 
ing this time the enrollment in the four year degree program was low 
thus permitting time for instructors to assist with this program. The 
University Hospitals contributed much of the supplies. A list of the 


* Further information about the Board may be obtained by contacting Secretary, Medical 
Laboratory A stants Certification Board of MSCP and MSMT, Inc., State Organization 
Service, 114 $ University of Minnesota 14, Minnesota. 
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equipment necessary to start the program is included in Appendix E. 

At the present time in addition to tuition, the program is supported 
by a special appropriation from the state legislature ot $20,000 for a two 
year period. 


Results of the Program 
Enrollment 

Table I lists the number of inquiries, applications requested and filed, 
and the number of students completing the course to date. 

Inquiries, applications, and enrollment have steadily increased. The 
greater number of applicants in recent years has permitted a better 
selection of students. 

Publicity brochures for the course are prepared by the General Extension 
Division. Current copies are sent yearly to the counselors in the high schools. 
An announcement is sent to each of the girls graduating from high 
school who rank in the upper fifty per cent of the class. Whether or 
not this is a completely effective means of distributing material has not 
been ascertained. Notices are published in the bulletins of the Minn. Hospi- 
tal Association, the Minn. Medical Association, the Minn. Board of Health, 
the Minn. medical and hospital auxiliaries, and announcements are distrib- 
uted to the hospital administrators. Radio spot announcements have also been 
employed. In addition many affiliated hospitals distribute the brochures. 
The best means of publicity, however, has been by the personal en- 
dorsement of Medical Laboratory Assistants. 


TABLE |! 
Summary of Inquiries and Applications for the Medical Laboratory Assistant maaan 


| Students 
seneral | | Ap —— | Completing 
YEAR Inquiries | Applications — Course 

1953 30 ll 7 5 

19% o4 38 25 23 17 

1955 43 bl 46 20 

1956 55 86 50 20 

1957 65 103 50 25 

1958 93 108 70 44* ; 
1959 95** 71** 24** 


* Now in progress 
** Up to February 20, 1959. 


Employment 


In the spring of 1958 a questionnaire was sent to the Medical Labo- 
ratory Assistants requesting information to assist in the evaluation of 
the program. Forty-eight (78%) of 62 questionnaires were returned. 
Some of the results of this survey are summarized in Table II. 

Fifty-seven per cent of the Medical Laboratory Assistants are work- 
ing with registered technologists (ASCP). Over one-half of the Assist- 
ants employed in hospitals are required to work at night and most of 
these are required to work alone. This is a surprising statistic in view 
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of the fact that many of these persons are working with medical technol- 
ogists. Serious doubts are raised as to the appreciation of the limits of 
the training of the Medical Laboratory Assistant and the professional 
responsibility assumed by the medical technologist. In physicians’ offices 
and in clinics many of the Medical Laboratory Assistants are perform- 
ing non-laboratory functions. 


TABLE Ii 
Types of employment and associated conditions and duties 


Type Physician's 
Duties Hospital Office Clinic Total 
No % No % No. % No % 
Total positions... ij 40 65 16 26) * 6 9) 62 100) 
Worked alone. . 3 8) 12 (75) 4 (67) 19 31) 
Worked with M.T. (ASCP) 31 78 3 19) 1 17) 35 57) 
Worked with other laboratory personnel 6 15) l 6) 17) & 13) 
Weekend duty 31 78) 4 5O) 3 (50) 43 70) 
Weekend duty alone 14 45)* 6 100)* 3 100)* 26 60)* 
Night duty 21 53 0 0 21 34) 
Night duty ‘alone 18 86) ** 0 0 18 86) ** 
Cleric al duties 13 33 12 75) 3 (50) 28 (45) 
Nursing duties 0 10 67) 4 67) 14 23) 


X-ray 4 10 8 50) 4 67) 16 26) 


The number in parentheses indicates the per cent of the number of positions in each type of employment. 
* Per cent of those positions requiring weekend duty 
** Per cent of those positions requiring night duty 


The survey shows that there have not been many changes in employ- 
ment within this group. Thirty-three indicated one job, twelve indi- 
cated two jobs, and six indicated three jobs. The reasons for leaving 
jobs are shown in Table ITI. 


TABLE 
Reasons Given for Leaving a Position 


Of the 48 persons replying, 24 (50%) are married; of these, 22 (92%) 
are actively engaged in laboratory work. 

Figure 1 illustrates the average beginning monthly salary for the 
Medical Laboratory Assistants for the four years for which figures are 
available. The beginning salaries for the position of first employment 
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Fig. | 
Beginning Salaries For Medical Laboratory Assistants 
For Four Years 
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show a gradual increase. Figure 2 illustrates the average increase in 
monthly salary compared with the months of employment. As expected 
the increase is not uniform but shows an upward trend. The persons 
with longest service have earned the largest increases in salary. 


Evaluation of the program 
The program originally had three objectives. The objectives and the 
extent of their accomplishment are: 

1. To ascertain the feasibility of training high school graduates in a 

limited number of procedures in a twelve month program. 
As a followup to the survey of Medical Laboratory Assistants, 

questionnaires were sent to 49 technologists and physicians listed 
as the most recent employers on the previous survey. Forty (82%) 
completed questionnaires were returned. Thirty-six (90%) of the 
employers were aware of the training of the Medical Laboratory 
Assistant at the time the employee was hired. Twenty-six (65%) 
of the employers rated the MLA as superior to graduates of other 
one year programs; six (15%) rated the MLA of equal ability; and 
one (3%) rated the MLA of poorer ability. Seven (17%) of the 
employers had no opportunity to make a comparison. In addition 
to these comparisons the employers stated a general satisfaction 
with the extent and thoroughness of the training of the Medical 
Laboratory Assistant. 

2. To relieve the acute shortage of adequately trained laboratory per- 
sonnel in physicians’ offices and smaller community hospitals. 
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Fig.2 
Increase In Average Monthly Salary With Months 
Of Employment 
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The following figures in Table IV define the employment status 


of the 87 Medical Laboratory Assistants who have completed the 
programs up to October 1958. 


TABLE IV 
Employment 
LOCATION Number Percent 
Minneapolis-St. Paul 37 3 
Other communities in Minnesota 22 25 
Other states. 
No longer employed in laboratory work 11 13 
Employment unknown 9 10 


The type of employment of the 67 Medical Laboratory Assistants 
known to be employed at the time of the survey is given in Table V. 
Eighty-eight per cent of the Medical Laboratory Assistants in- 
cluded in the survey have found employment in Minnesota. About 
one-third of these are employed outside the Twin Cities area. 
Approximately 60 per cent of the assistants are employed in hos- 
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TABLE V 
Distribution of Employment of 67 Medical Laboratory Assistants 


Type of Employment Doctor's 
Office Hospital Hospital 

Location or Clinic Training* Other Research Total Percent 
Minneapolis-St. Paul 17 11 Ss l 37 55 
Other communities in Minn. 5 S 9 22 83 
Other States 3 3 2 S 12 

Total 25 19 ” 3 67 

Percent. . . 37 28 30 5 100 


* Hospital with which student affiliated for training. 


pitals. As the program has expanded to include affiliation with 
hospitals in smaller communities, more Assistants have found em 
ployment in these localities. 

. To effect a redistribution of qualified technologists throughout the 
State. 


There is no evidence of any registered technologists (ASCI’) 
leaving a position to work elsewhere in Minnesota as a direct result 
of the Medical Laboratory Assistant program. It is of interest, how 
ever, to note that 15 (38%) of the employers completing the survey 
stated that they would hire a registered technologist (ASCI’) in 
preference to a Medical Laboratory Assistant if one were available. 
In most cases, however, the positions in hospital laboratories now 
filled by Assistants were newly created positions. If the Medical 
Laboratory Assistants had not been available, the hospital labora 
tories would have managed with the existing personnel or would 
have hired graduates of other short courses. 


Value of the program to participating hospitals 

In addition to training persons to answer a very real need, other 
aspects of the training program have proved valuable to the participat 
ing hospitals. One aspect, commented on particularly by the patholo 
gists, is the stimulus the student supplies to other laboratory personnel. 
The students are inquisitive, alert to new and modified techniques, and 
sensitive to inter- and intradepartmental relationships. The need to eval 
uate the student also makes the technologist more critical of technical 
skills and more aware of the professional responsibility of the tech- 
nologist. 

The pathologists and technologists also appreciate the opportunity to 
check results of determinations with other hospitals. Unsuspected errors 
are sometimes discovered and corrected. 

Of particular value to the administrators of smaller community hos- 
pitals has been the opportunity to affiliate with the University in this 
program. This affiliation affords a certain amount of prestige and indi- 
cates that the hospital laboratory has satisfactory personnel and physical 
facilities for a training program. This information is useful in local hos- 
pital drives and in recruitment of personnel. The administrators coop- 
erate in the distribution of material about the course because students 
are apt to be affiliated with their local participating hospital and to 
seek employment in their home communities. 


TRAINING MEDICAL LABORATORY ASSISTANTS 301 


Answers to questions frequently posed about the course 
1. What is the effect of this program on recruitment for programs in 
medical technology ? 

As mentioned earlier, before students are accepted for registra- 
tion, the limits of the Assistant training are explained and the stu- 
dents are encouraged to consider professional medical technology 
education. One Medical Laboratory Assistant is currently a junior 
year student in a four year degree medical technology program; 
at the time of enrollment in the Assistant course, she could not 
afford longer than a twelve months education nor was she entirely 
certain of her vocational choice. During the year’s course her inter- 
est in laboratory work was confirmed and through service veteran’s 
benefits, it became possible for her to continue her education. It 
should be noted that the length of her training as a medical tech- 
nologist will not be decreased. 

Table VI gives the number and per cent of students entering the 
College of Science, Literature, and the Arts at the University of 
Minnesota in the pre-professional curriculum in Medical Technology 
for the years preceding the start of the Medical Laboratory Assistant 
program up to the present time. 


TABLE VI 
Stated Educational Objectives of Entering Freshmen 

Total SLA Total pre-Med. % in pre- 
Year Freshmen Tech, Freshmen Med. Tech. 
1946 .. 2609 62 2.4 
1947 . 1565 42 2.6 
1950 1462 53 3.7 
1951 . 52 3.5 
1952 . 42 3.0 
1953 42 2.8 
1954 . = — 48 2.9 
1986 67 3.4 
54 2.6 


The percent of entering freshmen in the pre-Medical Technology 
curriculum has remained relatively constant over the past few years. 
If the MLA students were potential students for the degree course, 
one could expect that the per cent enrollment would reflect this loss 
of entering students. On personal interview with the students many 
of them indicated that they were considering a trade school type 
of laboratory training until they learned of the MLA course. At no 
time had they considered a longer program in preparation for labo- 
ratory work. 

2. What is the effect on salaries of the M.T. (ASCP) personnel? 

Figure 3 illustrates the starting monthly salaries for registered 
technologists (ASCP), and Medical Laboratory Assistants in a pri- 
vate hospital and in a hospital governed by state civil service pay 
scale. The average difference is $106. Figure 4 illustrates the salary 
levels for the two categories of laboratory personnel in the same 
two types of hospitals in relation to the same period of experience. 
The average difference in salaries after experience is $144. The reg- 
istered technologist group has received more compensation for ex- 
perience than has the Assistant group. It has been the policy of 
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Fig 3 
Comparison Of Starting Monthly Salaries For MT (ASCP) 
And Medical Laboratory Assistant 
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hospitals employing both categories of workers to base merit 
increases on a percentage rather than an absolute scale. 


3. What is the effect on the status of the registered technologist 


(ASCP)? 
Fig 4 
Comparison Of Salary Levels For MT. (ASCP) And Medical 
440 Laboratory Assistant In Relation To Experience 
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As mentioned earlier, no technologist has been replaced by a 
Medical Laboratory Assistant. Because the major responsibility for 
the training of the students rests with the professional medical 
technologist, the relationship of the Assistant to the Technologist 
is firmly established. Responses to a survey question indicate that 
the Assistant refers problems to the technologist, when available, 
or to a physician. In hospitals affiliated with the program the added 
responsibility of the technologists as teachers and supervisors has 
enhanced their position in the hospital administration. With the 
definition of the training and responsibility of the subprofessional 
Medical Laboratory Assistant, the definition of the professional 
Medical Technologist has been clarified and strengthened. 


. Will employers confuse the Assistant with graduates of a profes- 


sional medical technology program? 

The Medical Laboratory Assistant receives a certificate from the 
University, not a diploma. The Assistants understand the limitations 
of their training and education in laboratory work and are encour- 
aged to inform prospective employers of their qualifications and to 
refer inquiries about their ability to the coordinator of the program. 
Letters requesting job references are answered with a clear defini- 
tion of the limits of training and the distinction between an Assist- 
ant and a technologist. Unfortunately not all employers investigate 
applicants sufficiently. 


. For how long a period of time will the Medical Laboratory Assist- 


ant be content with limited work and responsibility ? 

The program was originally intended as training for short term 
employment in an area of critical shortage. Three of the Assistants 
from the first class of five are known to be active in laboratory work 
at the present time. This fact indicates that the Assistant does not 
become dissatisfied with the limited scope of work. 

How is the work of the Assistant supervised ? 

Thirty -five of the 62 positions held by Medical Laboratory Assist- 
ants were in places where a registered technologist (ASCP) super- 
vised the Assistant. In places without a qualified technologist, the 
physician requesting the laboratory work is responsible and avail- 
able for consultation if problems arise. 


. What control is there over the Medical Laboratory Assistants em- 


ployment? 

The coordinator of the program assists in placement of the stu- 
dents. Notices of the availability and limits of training of the As- 
sistants are placed in the bulletins of the Minn. Hospital Association, 
the Medical Association, and the Minn. Department of Health. Table 
VII lists the location and number of job opportunities for the years of 
this report. 


TABLE Vil 
Job Opportunities 
Minneapolis- 
St. Paul Other Minn. Outside of 
area Communities the State Total 
1955 3 fas ine 11 
1956 1] 17 5 33 
1957 16 27 5 48 
1958 19 39 5 63 
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These data reflect the increasing awareness of the program through- 
out the state. Satisfaction with the program is implied in the increas- 
ing number of job opportunities for the Assistants. Not all job 
opportunities are listed since some positions in affiliated hospitals 
were offered to the students directly. Data from the completed em- 
ployers surveys indicate that the majority of the Assistants were 
performing tests for which they had been trained in the course. A 
few instances of increased scope of work in chemistry and blood 
banking were reported. 


Conclusion 


Looking back at the five years of this program it appears by all the 
criteria possible that this program, started as an experiment, has proved 
itself. The success of the program can be measured by the accomplish 
ment of the students in the performance of their work on the job. 
Beyond this proof the intangible results of the program that actually 
could not be seen clearly at first offer better satisfactions. These intan- 
gible effects come as a result of several diverse groups working together 
for a common purpose producing an “esprit de corps” that could never 
be accomplished by regulation or legislation. 

It must be admitted that the faculty in Medical Technology was 
reluctant to start this program because it represented such a radical 
departure from the philosophy of the four year degree program and 
because nationwide the profession of Medical Technology was strug- 
gling with problems involving better educational programs for the reg- 
istered technologists in order to keep up with the rapidly changing 
complexion of laboratory medicine. These new demands and changes 
not only are emphasizing the critical need for more professionally ori- 
ented medical technologists but also are heightening, paradoxically, the 
need for additional “hands” or assistants technically competent in cer- 
tain phases of the work. It appears to be economically and administra- 
tively unsound to assign the registered medical technologists, who by 
education and training are qualified to do those procedures requiring 
special skills and knowledge, to those tasks that can be safely and accu- 
rately done by assistants under well controlled supervision. It is likewise 
equally unsound not to have the education and training of the assistant 
at the same degree of performance in relation to the skills and knowl- 
edge demanded in his job. 

It is now more important than ever that the role of the medical labo- 
ratory assistant in the total laboratory service be clearly defined in a 
dignified and ethical manner in keeping with his training. The concept 
that a training program for assistants is something to be ignored, or 
avoided, or left for someone else to do is deplorable. Such programs are 
clearly within the professional responsibilities of the Medical Technolo- 
gists and the Clinical Pathologists. A hospital school conducting a cred- 
itable training course for medical laboratory assistants is no less worthy 
than one for medical technologists. In fact it has been gratifying to see 
the hospital laboratories affiliated with this program accept their respon- 
sibilities with pride and industry and sense of achievement. Without 
their assistance this program would have been impossible. 
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The University as an institution of higher learning ordinarily does not 
engage in terminal vocational training programs. However a medical 
school does have a responsibility for the health needs of the state in 
providing leadership for the best possible education programs for per- 
sonnel in the health fields. The University of Minnesota through an ex- 
perimental approach to this need has now provided model or pattern for 
similar programs in other schools. It is anticipated that as the program 
becomes stabilized and recognized that other institutions or schools legiti- 
mately and specifically engaged in terminal vocational programs will 
gradually replace the university in this function. 

It is anticipated that by cooperative efforts the medical technologists 
and the clinical pathologists through their established agencies, the 
Board of Schools and the Board of Registry, will define course content 
and standards of performance and will establish essentials for schools 
for the Medical Laboratory Assistant. 


Summary 

This report gives a brief account of the historical information leading 
to the establishment of a new and experimental type of training pro- 
gram for sub-professional medical laboratory personnel called Medical 
Laboratory Assistants. Included in the report are detailed explanations 
of the purposes, requirements for admission, fees, course content, clinical 
practice periods, hospital affiliation procedures, examinations, and cer- 
tification. Available data on employment, kinds of work required, and 
salaries of the Medical Laboratory Assistants are presented. The report 
attempts to answer the questions most frequently raised about the pro- 
gram and to make a critical evaluation of the program in terms of ful- 
filling the objectives of the course. 


APPENDIX A 
LA 1 and 2—Clinical Chemistry 
\. Lectures 20 hours (1 hour/week) 

1. Orientation and metric system; problems 
2. Balance 

a. Types 

b. Use 

c. Movie 

. Reagents, chemicals, quantitative transfer 

. Colorimeters and calibration of tubes 


wm Ww 


. Glassware and pipettes 

a. Care of glassware 

b. Use and choice of volumetric, graduated, and Ostwald 
pipettes 


. Concentration of solutions 
a. Weight/volume 
b. Volume/volume 
c. Weight /weight 
d. Per cent 
e. Problems 
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Course Subject Lecture Laboratory 
Hours Hours 

IA 1 Clinical Chemistry | 20 hours 60 hours 

IA 2 

LA 3 BMR # 10 hours 

IA EKG 10 hours 

LA 5 Hematology 20 hours 100 hours 

LA 6 

LA 7 Urinalysis + 60 hours 

LA 8 

LA 9 Blood Bank 8 hours 22 hours 

LA 10 Elementary Anatomy | 40 hours a 
and Physiology 

LA 12 Elem. Chemistry LO hours | -------- 

LA 14 Orientation to 10 hours ------— 
Hospitals 

LA 15 Bacteriolagy 20 hours 40 hours 

* Short lectures included in laboratory sections 


10. 


w 


20 


tN 


. Laboratory 


1. 
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7. Concentration of solutions 


a. Molarity 
b. Problems 
. Concentration of solutions 
a. Normality 
b. Problems 
. Titration 
Use of chemistry in clinical laboratory 
. Preparation of protein-free filtrates 
a. Anticoagulants 
b. Protein precipitating agents 
c. Procedure for whole blood, serum, and plasma 
. Standards 
a. Purpose 
b. Use 
. Chlorides 
a. Principle 
b. Procedure 
c. Calculations 
. Blood glucose 
a. Principle 
b. Procedure 
. Blood glucose calculations 
. Blood urea nitrogen 
a. Prinicple 
b. Procedure 
. Blood urea nitrogen calculations 
. Concentration of solutions and calculations 
. Means of control of chemical procedures 
a. Standards 
b. Controls 
c. Recoveries 
. Types of photoelectric machines 


Analytical balance 
a. Demonstration 

b. Use and care in weighing 

c. Weighing of 3 chemicals per student 
. Trip balance 

a. Demonstration 

b. Use and care in weighing 

c. Weighing of 3 chemicals per student 
. Colorimeter and calibration of tubes 

a. Use and care of colorimeter 

b. Reading of solutions 

c. Calibration of 8 tubes per student 
. Preparation of reagents 
a. Quantitative transter 
b. Dilution 
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60 hours (3 hours/week) 


3 hours 


3 hours 


4 hours 


2 hours 
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5. Volumetric pipetting 3 hours 
a. Use 
b. Practice 
6. Graduated pipetting 3 hours 
a. Use 
b. Practice 
. Titration 12 hours 
a. Titration of unknown acids and bases 
b. Preparation of acid and base solutions 
c. Standardization of acid and base solutions 
d. Calculation of acid and base concentration 


N 


3 hours 
. Standardization of a procedure 3 hours 
a. Use of a standard curve 
b. Practice 
. Plasma chlorides 6 hours 
a. Standards 
b. Unknowns 
c. Calculations 
11. Blood glucose 9 hours 
a. Standards 
b. Controls 
c. Unknowns 
d. Calculations 
12. Blood urea nitrogen 9 hours 
a. Standards 
b. Controls 
c. Recoveries 
d. Calculations 
—BMR 10 hours (1 hour/week) 
. Basal conditions 
. Interview and preparation of patient 
. Operation of machine 
. Practice in performing test 
5. Calculation of test 
III. LA 4—ECG 10 hours (1 hour/week) 
1. Preparation of patient 
2. Operation of direct-writing machine 
3. Practice in performing test with 12 leads 
4. Sources of trouble and how to remedy 
IV. LA 5 and 6—Hematology 
A. Lectures 20 hours (1 hour/week) 
1. Use and care of microscope 
2. RBC counts 
a. Quality and care 
b. Diluting, shaking, and mounting 
3. WBC counts 
a. Quality and care 
b. Diluting, shaking, and mounting 


~ 


— 
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ITs 
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8. 
. Platelet counts 
10. 
. Hematocrit, sedimentation rates, and cell indices 
. Venepunctures 
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RBC and WBC calculations and problems 


. Hemoglobins 

. Techniques of fingerpricking 

. Practice and staining of blood films 
. Bleeding and clotting time 

. Platelet counts 

10. 
11. 
12. 
13. 
B. Laboratory 
l. 


Reticulocyte counts 

Hematocrit, sedimentation rates, and cell indices 
Venepunctures—movie 

Morphology of blood 


Parts, use, and care of microscope 

Red and white cell counts 

a. Quality and care of diluting pipettes 

b. Diluting, shaking, mounting, and calculations 


. Hemoglobins 


a. Visual and colorimetric methods 
b. Calculations 


. Fingerpricks 


a. Technique 
b. Taking off counts 


. Hemoglobins, red and white counts 
. Practice in making good blood films 
. Staining of blood films 


a. Procedure 

b. Use of stains 

c. Types of stains 

Bleeding and clotting times 


Reticulocyte counts 


a. Technique and practice on artificial arm 

b. Actual practice of venepunctures is in 
hospital clinical training where individual 
supervision is attained. 


° Morphology of blo« rd 


a. Basic morphology of RBC 

b. Differentiation of normal WBC 

c. Ability to differentiate between normal and 
abnormal morphology 

d. Abnormal morphology very limited—requires 
more training than a twelve month course can 
provide. 


. Review 


and 8&—Urinalysis 


. Routine urinalysis 


a. Color and transparency 
b. Specific gravity 


100 hours (4-6 hours/week) 


4 hours 
12 hours 


6 hours 


6 hours 


10 hours 
6 hours 
6 hours 


6 hours 
6 hours 
3 hours 
6 hours 
3 hours 


18 hours 


9 hours 


60 hours (2-4 hours/week) 
46 hours 
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Cc. pH 
*d. Reducing substance 
e. Albumin (qualitative and quantitative) 
Ketone bodies 
g. Bile pigments 
h. Microscopic examination of sediment 
(1) Identifying and grading RBC, WBC, casts (kinds) 
(2) Abnormal crystals, normal crystals and other 
structures found in sediment 


2. PSP test and qualitative calcium 4 hours 
3. Occult blood in feces 5 hours 
4. Titration of gastric contents for acidity 5 hours 


VI. LA 9—Blood Bank 
A. Lecture 8 hours (45-50 minutes/week) 
1. Responsibility, terminology 
2. Antigen typing (ABO) 
a. Procedure 
b. Antisera 
c. Causes of errors 
3. Antibody typing in ABO system 
a. Procedure 
b. Antisera 
c. Causes of errors 
4. Rh system (antigens and antibodies) 
a. Modified tube D 
b. Du 
c. Saline C, D, and E 
d. Rh sensitization 
. Coomb’s Tests 
a. Direct 
b.Indirect 
Storage of blood 
. Antisera 
. Blood donors 
. Crossmatching 
a. Types 
b. Procedure 
c. Importance 
10. Transfusion reactions 


~ 


B. Laboratory 22 hours (2 hours/week) 
1. Antigen typing (ABO) system 
2. Antibody typing (ABO) system 
3. Modified tube D 
4. Saline C, D, E, and e 
VII. LA 10—Elementary Anatomy and Physiology 40 hours (4 hours 
1. Introduction week) 
a. General anatomic relationships and terms 
b. Survey of history of medicine 


* Standard tests and commercial tests, 


= 
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2. Histology (cells and tissues) 

3. Pathology (general terminology and introduction) 
4. Bones and joints 

5. Muscular system and skeletal muscles 
6. Digestive system 

7. Respiratory system 

8. Urinary system 

9. Reproductive system 

10. Circulatory system 

11. Nervous system 

12. Endocrine glands 


2—Elementary Chemistry 40 hours (4 hours/week ) 


1 
1. Introduction, definition, and symbols 
2. Atomic theory and valence 
3. Chemical equations 
4. Oxygen, energy, and water 
5. Solutions and ionization 
6. Acids, bases, and salts 
7. Oxidation and reduction 
&. Periodic table and nuclear chemistry 
9, Organic chemistry 
10. Enzymes 
11. Chemistry and metabolism of lipids 
12. Chemistry and metabolism of carbohydrates 
13. Chemistry and metabolism of proteins 
14. Vitamins 
15. Blood 
16. Urine 
17. Digestion 
18. Inorganic metabolism 
19. Endocrinology 
IX. LA 14—Orientation to Hospital 10 hours (1 hour/week ) 
1. Responsibility of MLA to patient, physician, and 
M.T. (ASCP) 
2. Limitations of training 
3. Relationship of laboratory service to other hospital 
departments 
. Ethics 
5. Safety in laboratory work 
X. LA. 15—Elementary Bacteriology 
A. Lecture 30 hours (3 hours/week) 
1. History of bacteriology 
Z Description of bacteria 
a. Size 
b. Shape 
c. Staining reactions 
3. Culture media 
4. Methods for identification of bacteria 
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5. Metalolism of bacteria 

6. Nomenclature for bacteria 

7. Genetics of bacteria 

8. Sterilization and disinfection techniques 

9. Antibiotics 

10. Infections and resistance 

11. Consideration of disease producing organisms 


B. Laboratory 20 hours (2 hours/week) 
1. Gram’s stain 
2. Culture of student’s nose and throat as well as 
surroundings 
3. Study colonies from cultures of previous period, 
describe grossly, and apply Gram’s stain. 
4. Study acid-fast organisms (autoclaved sputums) 
using Ziehl-Neelson stain. 


w 


5. Methods of sterilization 

a. Lecture 

b. Tour of central supply room 
6. Tour of the Department of Health 
7. Review of all staining techniques 
8. Unknown cultures 


APPENDIX B 


Examples of student examination questions 


A. Examples of chemistry questions 


1. 


w 


State whether an analytical or a trip balance should be used for 
weighing the following chemicals: 

a. 10% H,PO, 

b. glucose (1 mg./ml.) 

c.50% HCl 

d. Standard solutions 

e.5 N HNO; 

f. NaCl (10 meq./1.) 

g.0.01 N NaCl 

h. Hg(NO;), (2.75 gm./1.) 

In order to have the concentrations stated above, indicate the 
amount of the chemical to use and the volume to which to dilute. 


. Give two types of agents used for cleaning chemistry laboratory 


glassware. 


3. Distinguish between a “blow-out” pipette and a “to deliver” 


pipette ? 


.In the blood glucose procedure, what procedure would be fol- 


lowed if a slightly pink filtrate resulted? 


. What is the purpose of a blank tube? 
. What is the purpose of running standards with each procedure? 
. Name four ways that the quality of laboratory work can be con- 


trolled. Give a definition for each. 
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8. If a physician asks that determinations for hemoglobin and for 
blood sugar be set up on a new photelectric colorimeter what 
procedures would be followed? 

9. Given the following tubes of blood: 

(1) blood preserved with sodium fluoride 

2) blood preserved with potassium oxalate 

(3) blood preserved with heparin 

(4) blood preserved with ammonium and potassium oxalate 

(5) blood containing no anticoagulant 
The following procedures are requested: 

blood urea nitrogen, glucose, chloride, CBC. 

List all possible tubes of blood which might be used for each 
determination and list all possible tubes of blood which cannot be 
used for the determinations giving the reason for not using them. 


Tubes can | Determination | Tubes CANNOT Reason for not using blood 
be used be used 


10. In a serum uric acid procedure, the following steps are followed : 
a. Preparation of filtrate 
1 ml. serum 
8 ml. water 
1 ml. acid precipitating reagent 
Mixture is filtered. 
b. The following solutions are pipetted into colorimeter tubes. 


Blank | Std. 1 | Std. 3] Std. 5 | Filtrate Pipette 
(ml.) | (nde) | (nde) (nl.) Used 
Water 6.0 5.0 | 3.0 1.0 3.0 
Standard — 1 3 5 oo 
Filtrate --- --- --- --- 3 
| 
Silicate- 
glycerin 2.5 2.5 2.5 265 | 2.5 
| 
| 
Acid reagent | 2 2 2 | 2 | 2 


| 

+ 
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After the color has developed, the tubes are read in the color- 
imeter. The standard solution has a concentration of 0.012 mg. 
per ml. The concentrations and galvanometer readings of the 
standards are plotted on semi-logarithmic graph paper and a 
standard line is drawn. The filtrate tube has the same galva- 
nometer reading as standard 3. The amount of uric acid in 100 


ml. of serum is mg. Show all calculations. 
11.1 gm. of glucose is dissolved and diluted to 100 ml. The concen- 
tration is mg. per ml. 
12.3 ml. of the solution in question 11 above are diluted to 100 ml. 
The concentration is mg. per ml. 


13. How many grams of calcium chloride solution are needed to make 
1 liter of 3.5 N solution? 


14. A 3 N aluminum chloride solution is what molarity? 


5.25 gm. of NaCl diluted to a liter makes a % solution. 
25 mg. of NaCl in 1 ml. : % solution. 
25 mg. of NaCl diluted t a a liter makes a % solution. 
100 mg. of NaCl diluted to 25 ml. makes a % solution. 
16. Concentrated hydrochloric acid is 12 N. Calculate the number of 


ml of concentrated acid needed to make 250 ml. of 4.5 N acid. 
Show all calculations. 
In order to check the normality of the acid prepared above, first 
titrate 10 ml. of 0.1 N HCl with some NaOH. 
The 10 ml. of 0.1 N HCl required 2.78 ml. of the NaOH. 
Normality of NaOH = 
Next make a 1-10 dilution of the acid thought to be 4.5 N HCl 
10 ml. of the 1-10 dilution required 13 ml. of the NaOH for 
titration. 
Normality of HCl 
Is the acid acceptable as 4.5 N HCl or should more water or more 
acid be added? Show all calculations. 
17. The excretion of waste substances involves the elimination of 
which of the following from the blood: 
a. albumin 
b. creatinine 
c. glucose 
d. NaHCO, 


e. more than one of the above. 


. Prevention of hemorrhage by the blood depends on 

a. albumin 

b. globulin 

c. fibrinogen 

d. enterocrinin 
19. The defense against infection by the blood is carried out by 
a. protein substances 
b. carbohydrate substances 
c. lipid substances 
d. hormone substances. 


~ 
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20. Many people go through life, eating three meals a day without 
giving a thought to what happens to the food. Having taken this 
course, however, you can follow each tasty mouthful through the 
digestive process. Let’s suppose that after this test, you go to 
a restaurant to eat and drink 
a.a hamburger on buttered bun with lettuce 
b. coffee with sugar. 

Complete the following chart indicating digestive action by en- 
zymes with a + and no digestive action by enzymes with a 0. 


Mouth | Stomach | Duodenum | Lower small intestine 


Hamburger 


Butter 


Bun 


Sugar 


Lettuce 


B. Examples of BMR and EKG questions 
Circle the letter of the word or phrase that best completes the state- 
ment or answers the question. 
1. Before the BMR test, while the inhaler valve is closed, the bellows 
are compressed and released to: 
a. see if the pen slides freely on its rod 
b. check for leaks around the mouthpiece 
c. check for leaks in the machine 
d. determine the amount of oxygen in the bellows 
e. more than one of the above. 

2.The greatest source of error in basal metabolism determina 
tions 1s 

a. leaky hose 

b. the anxiety of the patient 
a badly fitting mouthpiece 


d. elevated temperature of the patient 


. The BMR machine is prepared correctly and the best is started 
but the oxygen consumption line is horizontal instead of sloping 
upward. What is the cause? 
a.a leak around the soda lime container 
b. a hole worn through a breathing tube 
c.a leak around the mouthpiece or noseclip 
d. all of the above 
e. two of the above. 
4. The purpose of the soda lime in the BMR machine is to: 
a. sweeten the oxygen breathed by the patient 


| 
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b. sterilize exhaled air before it enters the bellows 

c.add carbon dioxide to inhaled air 

d. remove carbon dioxide from exhaled air. 
.In an ECG, if somatic interference appeared in leads two and 
three, the cause would be 

a. the left arm 

b. the right arm 

c. the right leg. 

A remedy for a jittery baseline in an ECG is: 

a. to make sure the machine is properly grounded 

b. to move the patient to a different location 

c. to make sure the electrode jelly is rubbed into the skin well 
d.to make sure the electrode “ips are not loose. 
. A remedy for somatic tremor in an EKG is: 

a. to make sure the patient is quiet and relaxed 

b. to rerub the skin with electrode jelly 

c. to make sure there is no strain on the patient cable cord 
d. more than one of the above choices. 


~ 


NI 


C. Examples of hematology questions 


1. Illustrate by drawing and briefly describe the characterizing fea- 
tures of the following cells: 


Illustration | Normal values | Distinguishing 


features 


Basophil 


Eosinophil 


Red Cell with 
Moderate 


Hypochronasia NONE 


Illustration | Normal values | Distinguishing 


features 


Monecyte 


Stippled 


RBC 


Hormoblast 


(orthochromic ) 


Lymphocyte 


= 
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2. Show all calculations used in the following laboratory procedures: 


Calculations Factor 


RBC 


Platelet 


WBC 


Reticulocyte 


3. A burn patient was to have a routine blood count. As it was dif- 
ficult to do a venepuncture, a finger prick was requested. How- 
ever, the patient’s hands and feet were completely bandaged. 
What procedure should be followed and what results should be 
expected ? 

4. After mounting a red cell count, assuming the diluting was done 
correctly, microscopic examination showed several clumps of red 
cells in each field. List the situations that may have caused this. 

. What results (high, low, or normal) should be found in the fol- 
lowing? 

a. A bubble present in white blood cell pipette 
b. Improper mixing of the blood and NH,OH so the cells con- 

centrated near the bottom of the tube 
c. A platelet count taken from a finger that had been excessively 
squeezed 


. Blood was taken to the 0.5 mark in the white blood cell pipette 
and diluted to the 11 mark with 2% acetic acid. The 4 corner sq. 
mm. and the center square were counted giving a total of 150 
cells. Calculate the total white count. 

. Blood is taken to 9.5 mark in a hematocrit tube. The volume of 
packed cells read 3.5. Calculate the hematocrit %. 


| 


. Mr. Brown has a very elevated white count so blood is taken to 
the 0.5 mark and diluted to the 101 mark in the red blood cell 
pipette. When counting 100 of the small squares in the center sq. 
mm., cells totalled 60. Calculate the total white cell count. 

9. Which of the following would require a recheck or repeat and 
why? 
a. A venous clotting time done on oxlated blood. 
b. A differential with 65% lymphocytes in an infant. 
c. A white count done on oxlated blood that had very small clots 
present. 
d. A routine blood count done on an ear that has been lain on. 
D. Examples of urinalysis questions 
1. Would these results be all right to send out without checking 


(yet or no)? If your answer is no, list the procedures to be 
checked before sending out the result and give reasons. 
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Spec. # 1 Spec. # 2 | Spec. # 3 | spec. #& | PEDLITRICS 
Spec. #5 
Specific grav, 1,007 | 1.030 | 1.020 1,015 | 1,025 
pH 5 | 7 | 10 | 
Albumin 34 | trace | neg. neg. | neg. 
Sugar lt | + | trace | neg. | neg. 
Acetone --- | nege | | 24 
Diacetic acid + | nege 
Red Blood Cells | oce 3+ | oce 
White Blood Cells oce 0 oce | oce oce 
Casts 3+ lt 0 0 
hyaline & | granular 
| granular 
Miscellaneous | --- amorphous --- amorphous 
j urates, uric phosphates, 
| acid, crystals triple 
calcium oxalate phosphates 


| 


. What is the purpose of centrifuging the urine before doing a pro 


tein test? 

and give a positive re- 
action with Ehrlich’s reagent. Explain how you can distinguish 
between the two. 


.In doing a urine microscopic examination, what structures are 


graded under low power? Under high power? 


. Name three of the most common errors which result in failure 


to find important structures in the urine by microscopic examina- 
tion. 


. If the pressure of blood in the fasting specimen of a gastric anal- 


ysis is suspected, how is it proved? 


. A sample came in for gastric analysis. The volume of the speci- 


men was 4 ml. 2.5 ml. was used for the titration. At the beginning 
of the titration the burette reading was 17.6 ml.; after titration of 
free acid the burette reading was 19.2 ml.; and after titration of 
combined acid the reading was 19.8 ml. Calculate the degrees of 
free and total acid. Show all calculations. 


. Suppose a doctor came into the laboratory with a gauze dressing 


pad on which there was a smear of fecal material. It was very 
important that he get an occult blood determination done on it 
What procedure should be followed? 


|__| 
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E. Examples of blood bank questions 


1. 


Complete the following chart: 
In typing for these antigens 


Antigen Cells are suspendedin Incubationtime Antibody used is 
\ 


? 


Cc 


D 

E 

\re these typings possible (yes or no)? 

Antigen Antibody C D E c 

l A a t t t + 
3. AB } 
4. B a 
5. © 4 4 4 


In the above give a brief reason why they are not possible if no 
Was your answer. 


l. Examples of anatomy questions 


Circle the letter of the word or phrase that best completes the state- 
ment or answers the question. 


1. 


w 


The branch of the aorta that supplies the jejunum and the ileum 
is the 

a. superior mesenteric artery c. hepatic artery 

b. inferior mesenteric artery d. celiac artery 


. Diffusion of gases and exchange of materials between tissues and 


blood takes place in the 
a. small arteries. c. capillaries. 
b. arterioles. d. venules. 


. Flexion of the wrist and fingers is produced by the muscles lo 


cated on which aspect of the forearm’? 
a. anterior c. medial 
b. posterior d. lateral 


. Movement of lymph through the lymph channels is dependent 


upon 

a. differences in arterial and venous pressures. 

b. peristalsis. 

c. massaging action of body muscles. 

d. contraction of smooth muscle in the walls of the lymphatics. 


. The plane that descriptively divides the body into anterior and 


posterior portions is the 

a. medial plane. c. horizontal plane. 

b. frontal plane. d. transverse plane. 

One of the properties of protoplasm which is specifically and 
highly developed in muscle tissue primarily is that of 

a. irritability. c. contractility. 

b. conductivity. d. reproduction. 
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G. Examples of bacteriology questions 
Choose the correct answer and place the corresponding letter in the 
blank at the left. 


1. 


In the Gram’s stain Gram negative organisms stains 
a. blue. 

b. green. 

c. red. 

d. purple. 

lodine is used in the Gram’s stain to 

a. disinfect the slide. 

b. mordant the dye. 

c. Stain the organisms yellow. 

d. stain the spores. 

In the Gram’s stain after the slide has been washed with 
acetone, the Gram negative organisms are 

a. colorless. 

b. pink or red. 

c. purple. 

d. brown. 

To test the effectiveness of a disinfectant it is usually 
compared with 

a. calcium chloride. 

b. phenol. 

c. alcohol. 

d. merthiolate. 


List 4 useful sterilization procedures which are accomplished by 
physical means. 


Number Of 
Hospitals 
Participating 
In Medical 
Laboratory 
Assistant 
Program 


APPENDIX C 


Participating Hospitals 


20+ 
(Minnesota 
@ Metropolitan Hospitals 
@ Southern Stote Hospitals 
10 Northern State Hospitals 


1954 1955 1956 1957 1958 
Year 
4 Hospitols Have Discontinued Participation in Program 


2 Now Have Approved Schools For Troir..ng Medical Technologists 
2 Shortage Of Staff Problem 


= 
? 
4. 
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Appendix C (cont.) 


Participating Hospitals 


HOSPITALS BED NO, OF (ASCP) | MAXIMUM NO, | TOTAL YEARY 
CAPACITY EMPLOYED OF STUDENTS | LAB CENSUS 
1 225 6 1 95 500 
2 | 160 7 2 77,000 
> | 180 1 61,000 
u | 352 15 2-4 136,000 
5 220 13 2a 160,000 
Hospitals in |6 60 1 1 108,000 
metropolitan 71 275 10 2 180,000 
area 5 78 4 1 53,900 
iol, | 6 2 482,000 
| 10 200 2 1 82,000 
12 | 22 5 | 2 { 71,000 
| Hospitals in a 122 Ba 1 1 32,000 
southern part;2 65 1 1 15,500 
of state {3 35 1 1 11,400 
Ls 1 1 12,000 
2 10 1 64,800 
3 125 34,000 
Hespitals in |4 132 1 1 21,500 7 
northern part|> 100 3 
tim oO 113 1 1 23,000 
7 160 3 2 72,000 
8 120 © 2 * 


* Figures not available at the present time. 
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APPENDIX D 


STUDENT EVALUATION FORM 
MEDICAL LABORATORY ASSISTANT 


Evaluation of practical training at 
Name Laboratory_ 
Dates: from to 
from_ to 
No. of days absent 
Weekend duty: No. of days 


Holiday duty: No. of days 


Indicate by checks (x) and comments the term or terms which best describe student in 
category. 


Accuracy: Comments 
7 Is consistently accurate 
Work generally acceptable 
Makes repeated mistakes 
Makes very occasional errors 


Organization of Work : 
Has to be told repeatedly in detail what to do 
Organizes work without suggestions 
Once shown, organizes work well 
Keeps neat, concise records 
Keeps untidy records 


Relations with Patients: 
. Natural ability in patient management 
. Makes effort to improve in approach to patient 
_ Tll-at-ease with patients; no improvement 
Upsetting to patients 


Personal Appearance and Personal Hygiene: 
Neat at all times 
Untidy 
Showed improvement after suggestion 


Manual Dexterity : 
Awkward 
Natural aptitude 
. Makes rea! effort to improve 
Makes no effort to improve 


Personality: 
. Hard to know; unresponsive 
Pleasant; enjoy her company 
Overbearing; irritating 
Tolerated; company not sought 


Cooperation: 

_. When convenient 

_ Very willing 
Unwilling 


Attitude and Interest : 
_ Understands well the position of the laboratory assistant 
Needs constant reminding of ethics 
Enjoys work 
_ Indifferent 
. Dislikes work 
Adaptability: 
__ Well-balanced; adjusts well to different laboratory situations 
_ Moody, easily depressed or elated 
_ Excitable; handles emergency situations poorly 
Mature and poised in relations with people 


Industry : 
MES Seeks additional] tasks 
_ Does minimum amount of work 
Tries to get out of work 
Helps maintain laboratory appearance w ithout being told to do so 


Recommendations for Future Employment: 
Should always work under supervision 
, Capable of handling doctor’s office laboratory alone 
Encourage to further education and technical training 
_ Capable of handling small community hospital laboratory alone 


hospital 


each 


2 
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Summary of Glassware 


for Section of 15 Students 


Glassware Sizes Noe Glassware Sizes No. 
Volumetric 50 ml. 50 Centrifuge round- 170 
flasks tubes bottom 
100 ml. 60 
15 ml. 90 
200 ml. 20 grad, 
500 al. 
Colorimeter calibrated 400 
1000 ml. 4 tubes 13x100 mm, 
2000 ml. 2 
Funnels 65 mn, 150 
diameter 
Erlenmeyer 25 mle 200 
flasks 
50 ml. x0 Reagent bottles 125 ml, 70 
(with ground- 
125 ml. LO glass stoppers) 250 ml. 40 
250 mle 15 500 ml. 20 
500 ml. 5 1000 ml. 15 
dropping 50 
Beakers 50 ml. 42 
brown 15 
100 nl. 30 500 ml.) 
150 al. 15 HBC diluting 40 
250 ml. 10 WBC diluting | 40 
L00 ml, 20 aspirator 10 
600 ml. 20 
Graduates 10 ml. 50 
Test tubes [13x100 mm, 500 100 ml. 20 
15x125 mn, 300 
Folin-Wu 25 ml. 150 
16x150 mm, 200 sugar tubes 
10x75 mm, | 1200 
Homeo vials 10 ml, 200 
25x150 mn, 70 
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Summary of Pipettes and Burettes 


for Section of 15 Students 


stopcocks 


Pipettes Sizes | No, 

Volumetric lm. [125 

2ml, 110 

3 ml. | 235 

L ml. 60 

S ml. 90 

10 ml. 50 

Measuring 0.2 ml, 30 
(Mohr) 

lnm. Me) 

5 ml. 25 

10 ml. | 115 

Ostwald 1 ml. 90 

RBC diluting 150 
pipettes 

WBC diluting 150 
pipettes 

Hemoglobin 150 

Burettes No. 

Automatic burette 1 

Burettes with 20 


| 
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Appendix E (cont,) 


Summa ry of Equipment 
for Section of 15 Students 


Equipment No. Equipment No. 
Photoelectric colorimeters 3 Urinometers 60 
(with filters) 
Test tube holders x 
Trip balances 2 
URIN-| Test tube racks 30 
Analytical balances 2 
ALY- [Stainless steel pitchers 
Test tube racks 30 
CHEM- SIS PSP colorimeters 2 
Filtering racks 4 
ISTRY Esbach albuminometer 2 
Burette clamps 20 
Burette stands & rods 20 
Bunsen burners 15 BMR | 5MR machines 4 
per 8 students 
kubber corks EXG machines 
(various sizes) -- 
Water beths 
Microscopes & microscope LO 
lamps Steam bath and racks 
Counting chambers 35 Hoods 
Tally counters 25 Centrifuges 
Sed rate racks 2 Cork corks (various sizes) 
HEMA- 
Hematocrit tubes 2c MISe | Goose-neck lamps 
TOLe 
Sahli tubes & holders 7 CELL-| Thermometers 
Sed rate tubes 20 ANE} | Automatic syringes 
Artificial arm (venipuncturcs 1 cus | Timer clocks 
Steining racks 3 Utility cart 
Pipette washers Polyethylene pipette jars 
Sinks 
C ts for electricity, 
cuum, suction, and gas 
hefrigerator 


| 
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Appendix E (cont,) 


Summary of Supplies 


Forceps | Plastic racks 
CHEMISTRY | Tongs Saline bottles 
(polyethylene) 
4k x 4" gauze squares BLOOD BANK 
Wire recks 
Spatulas | 
Lens paper . Specimen tubes 
' (with anticoagulants) 
2x 2" gauze squares | Blackboerds 
Glass slides Bulletin board 
Capillary tubing Waste paper baskets 
HEMATOLOGY | Blades for finger pricks Parafilm | 
Blotting paper Solareum paper 
Pusher slides MISCELLANEOUS} Filter peper 
Tourniquets Stop-cock grease 
Syringes Pipe-cleaners 
Mouth pieces & tubing Towels 
Glass slides First Aid Kit 
Detergent 
Coverslips 
DISHWASHING Rubber gloves 
Tongue depressors 
SUPPLIES Acid cleaning solution 
URINALYSIS | Wood applicator sticks 
Baskets 
pH paper 
Drying oven 
Urine cartons Scratch pads 
Glass stirring rods Report sheets 
Semi-log graph paper 
PAPER Rulers, scissors 
SUPPLIES Glass merking pencils 
Lead pencils (red &black) 
Stapler 
Scotch tepe and dispense 


— 
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Appendix E (cont.) 


Suuwary of Chenicals 


CHEMICALS CHEMICALS OHEMIC/.LS 


Conc. H2S0)_ Copper sulfate Ferric chloride 
Conce HCl Alanis Barium chloride 
ACIDS | Conc. HNO, Rochelle salts icric acid 


85% HPO), Molybdic anhydride Citric acid 


Glacial acetic acid Benzoic acid Oxalic acid 
Trichloracetic acid reuric chloride Ammoniun oxalate 
Sodium hydroxide Mercuric nitrate Thynol 


Amuoniun hydroxide ICHEM=-|Jackbean urease Hydrogen peroxide 


LYe 
powder ALY 
Absolute ethanol ISTRY . |Gum guaiac 
eT 


ethyl alcohol Benzidine dihydro= 


chloride 


70% medicated 
HOLS alcohol Urea Res 


absolute nethanol wuscniun sulfate Sucrose 
Sodium chloride Potassium iodide Calcium chloride 
Sodiun tungstate Todim ____ | Dextrose 
Sodium sulfate Metcllic mercury Saline 
SALTS |Sodiun carbonate Fotassiuw.s gluconate BLOOD Antisera 
Sodiun bisulfite Pot un persulfat BANK | Anti-.,B,C,D,E,c 
Sodium citrate Wright's stai Xylol 
HEMA- 
Sodiun nitroe rilliant cresyl SOL= | Ether 
prusside TCL=- blue 
FENTS| Chlorof orz 
Sodium acetate OGY Formalin 


Pedine thylamir. obensaldchy 


Dine thylarinoagobenzen 


CA~ Diphenylearbazone | 
TorS |BSP dye 


= 
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Appendix E (cont.) 


Swamary of Reagents 


RE..GENTS 


Bencdict's copper 
Salteacetic 
Rothera's reagent 
10% FeCl, 
Fouchet's reagent 
Saturated BaCl 
Saturated sodi 


Ehrlich's reagent 


reagent 


acid reagent 


Sulkowitch reagent 


B reager 
mmer l 
albur 


ethylene blu 


Carbol fuchsin 


The 


A.S.M.T. 
1960 be listed 


in this 


TECHNOLOGY. 


President-elect: Nellie Mae Bering, 


Bylaws require that 


issue 


REAGENTS 
O.1 N HCl 
ACIDS | 0.083 N H,S0, 
URIN- 
0.095 N 
raed 
2.5 N NaOH 
N NaOH 
BASES 
20% 
10% sodium tungstate 
Urease stock solution 
,Phosphate buffer 
Urea solutions 
CHEM~ | Ammonium sulfate standard 
ISTRY | Benedict's copper reagent 
10% 
Phosphomolybdic acid 
Standard NaCl 
He(NO,), solution 
Hayen's reagent 
2% acetic acid 
BAC= 
HEMA=| | NH)CH 
TERI- 
TOL=- Wright's stain 
ocy Buffer 
Supravital stain 
Rees & Ecker diluting fluid 
MISC. | 5% CuSO, INDICA= 
TORS 


1g phenclphthalein 


Diphenylcarbazcne 


ANNOUNCEMENT 
the officers 
THE 


of 


whose terms 


expire 


MT (ASCP)—becomes President of 


Recording Secretary: Mary Catherine Wethington, MT (ASCP) 
Treasurer: Mrs. Kathryn Dean, MT (ASCP) 


3oard of 


Directors: 


Oscar Alton, 


MT (ASCP), Ellen 
Board of Schools, Verna Rausch, MT (ASCP) 


Anderson, 


MT 


June 
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ABNORMAL HEMOGLOBIN* 


LUCILLE E. FARRIS 
Student, The School of Medical Technology, Metropolitan General Hospital, 
Cleveland, Ohio 


Hemoglobin is a conjugated protein made of the prosthetic group, 
heme, of which, four molecules are attached to a protein molecule, globin. 
The heme (Fig. 1) portion of the molecule remains identical in all the 
physiologic states of human hemoglobin and even in the hemoglobins of 
different vertebrate species. 


attached to globin 
molecule 
Gi Gi 
ie |? FIGURE 1 
COdH COOH The Chemical Structure of Heme 


Identification of various hemoglobins by paper electrophoresis is based 
upon observation of the movement of charged particles within an elec- 
trical field, under specific experimental conditions, In aqueous solution, 
protein molecules are charged, the net charge depending upon the relative 
number of amino and carboxyl groups and also on the hydrogen-ion con- 
centration of the medium. For a given protein, this net charge determines 
the rate and direction of movement toward either the positive electrode 
(anode) or the negative electrode (cathode). A mixture of two or more 
proteins with different net charges can be separated in this way, by 
making use of their different mobility properties under the influence of 
an electric current. Electrophoresis has been the most valuable method 
of studying hemoglobins and to it we owe a great part of our present 
knowledge in this field. (Fig. 2). 

The erythrocytes of certain individuals are capable of undergoing re- 
versible changes in shape, in response to a variation in partial pressure 
of oxygen. If the partial pressure is lowered, these cells change their form 
from the normal biconcave disc to crescent, holly wreath and other forms, 
This process is known as sickling and about eight per cent of American 
Negroes possess this characteristic ; usually they exhibit no pathological conse- 
quences. Such individuals are said to have sicklemia or sickle-cell trait. How- 
ever, about one in forty individuals, whose cells are capable of sickling, suffers 


*Read on program of 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959 
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FIGURE 2 


BIOCHEMICAL GENETICS AND THE ABNORMAL HEMOGLOBINS 


HEMOGLOBIN A: His - Val - Leu - Leu - Thr - Pro - Glu - Glu - Lys 
HEMOGLOBIN S: T His - Val - Leu - Leu - Thr - Pro - l’al- Glu- Lys 7 
HEMOGLOBIN C: ft His -Val - Leu - Leu - Thr - Pro - Lys - Glu- Lys 7 


The amino aci! sequence in the “variable peptide” recovered after partial digestion 
of hemoglobins A, S and C from the work of Ingram. The discovery that the differ- 
ences in these hemoglobins involve only a single amino acid in the sequence constitutes 
a genetic milestone. 


(Jonxis, J. H. P., and Delafresnaye, J. F., eds., d4binormal Hemoglobins 
Oxford: Blackwell Scientific Publications, 1959.) 


from a severe chronic anemia resulting from excessive destruction of their 
erythrocytes, termed sickle-cell anemia 

The main observable difference between the erythrocytes of sickle-cell trait 
(non-pathological) and sickle-cell anemia, has been that trait cells require a 
considerable greater reduction in the partial pressure of oxygen to produce 
sickling than do the anemia cells. 

Sickle-cell erythrocytes in which the hemoglobin is combined with 
oxygen or carbon monoxide have the biconcave disc contour. In this con- 
dition they are indistinguishable from normal erythrocytes and are called 
promeniscocytes. 

It has been found that the electrophoretic mobilities of sickle-cell 
anemia hemoglobin (Hemoglobin S) and normal hemoglobin are not 
identical; with the most reasonable hypothesis being that the two hemo- 
globins differ in the number or kind of ionizable groups. Experiments indi- 
cate that the net positive charge of sickle-cell anemia hemoglobin is 
greater than that of normal hemoglobin, in the pH region near their 
isoelectric point.’ Sickle-cell anemia can, therefore, be considered a molec 
ular disease, involving one of the many varieties of human hemoglobin. 


Other types of hemoglobin (capable of electrophoretic separation) 
found in human erythrocytes are: 


1. Normal adult hemoglobin—A. 
2. Normal fetal hemoglobin—F. 
3. Sickle-cel hemoglobin—S. 


4. Hemoglobin C—thought to be a mutation of the S gene, found in 
some sickle-cell anemia patients. 


wn 


. Hemoglobin D—found in about 2% of Punjabis, in India. 
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. Hemoglobin E—found mostly in persons from Southeast Asia: 

Burma, Thailand, and Malaysians. 

7. Hemoglobin H—found to date only in persons who also have one 
gene for thalassemia. 

8. Hemoglobin J—found in American Negroes and French Canadians, 
as well as Asians. 

9. Hemoglobin K—Algiers, Ghana, and some south Indians. 

10. Hemoglobins G, I, L, and M—seen very rarely, in occasional Amer- 
ican Negroes and West Africans. i 

Most investigators, interested in the subject of the human hemoglobins, 
have agreed upon several aspects of their nomenclature; human hemo- 
globins are indicated by capital letters of the alphabet in the order in 
which they are discovered and their specific identifying characteristics 
described. Exceptions to this rule are limited to those hemoglobins whose 
names were already established at the time the nomenclature committee 
first met. 

The identification and classification of the genes resulting in the ab- 
normal synthesis of hemoglobin have greatly expanded our knowledge of 
the congenital hemolytic anemias and have produced information of great 
value to hematologists, geneticists and protein chemists. In practical 
laboratory usage, many hemolytic anemias, previously considered atypical 
or unclassifiable, can now be more accurately diagnosed. (Figs. 3 and 4) 


FIGURE 3 
Heterozygous Hemoglobin Traits 
A A x 
a A A x 
Normal Hgb Trait 


[4] = Gene for Hgb "A" 


[x] = Gene for abnormal hemoglobin, i.e. "S", "C", "D", etc. 
Sickle Cell Trait = Hgb "A" 4 Hgb "S* 
Hgb "C" Trait = Hgb "A" # Hgb "Cc" 


Hgb "D" Trait = Hgb "A" 4 Hgb "pe" 
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FIGURE 4 
Homozygous Hemoglobin Diseases 


A x A x 
A A A x x x 
N ormal Hgb Trait Homozygous 


Hgb Disease 
[a] = Gene for Hgb "A" © 


[x]= Gene for hemoglobin, i.e. "S", "DL", "C", etc. 
Sickle Cell Anemia = Hgb "S" + Hgb "S* 
Hgb "C® Disease = Hgb "C" + Hgb "C* 
Hgb "D" Disease = Hgb "D" + "D*" 
Hgb "E" Disease = Hgb "B" Hgb 


3y means of the electrophoretic technic, hemoglobin C was first 
found to be present in the blood of some sickle-cell anemic patients. These 
patients may be described as carrying one allel for C and one for “S” 
they are heterozygous in respect to hemoglobin C and hemoglobin 
“S,” having inherited one of the two abnormal forms from each parent. 

Hemoglobin “D” was described from a family of five, of which two 
members had a milder form of anemia resembling sickle-cell anemia. The 
electrophoretic patterns of their bloods differed slightly from that of 
hemoglobin S, while the remaining three members of the family had 
typical hemoglobin S electrophoretic patterns. Measurements of the 
solubility of the two hemoglobin forms, revealed that the type in the 
blood of the two patients exhibiting a milder anemia, was comparable 
to that of normal hemoglobin A. The state of heterozygosity for 5 
and “D” lead to a moderately anemic condition. 

There are five common forms of adult hemoglobins: A, S, C, D, and E. 
Assuming that they are represented by five alleles occupying the same 
locus on a chromosome, there are fifteen possible combinations: five 
homozygous states; AA, SS, CC, DD, and EE; and ten heterozygous 
states, AS, AC, AD, AE, SC, SD, SE CD, CB, and DE. Of these fifteen 
theoretical states, nine have been found to occur; the conditions CD, 
DD, SE, CE, DE, EE, and DA* Thalassemia has not been observed. 
It can be demonstrated that of the three forms of human hemoglobin 
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\ (normal adult), S (sickle-cell) and F (fetal), only the reduced S com 
pound shows tactoid and gel formation, in sufficiently concentrated 
solutions. These physico-chemical phenomena may be used for the quali- 
tative identification of “S” hemoglobin. 

The alkali-resistant hemoglobin fraction, present in sickle-cell anemia 
erythrocytes (but not in “trait” red cells) was concentrated in purified 
form. No tactoid or gel formation could be elicited. Therefore, this alkali- 
resistant pigment does not appear to be a variant of S hemoglobin; for 
this reason, it seems probable that sickle-cell anemia erythrocytes con- 
tain two separate types of pathologic hemoglobin S and F, which are 
not directly related to each other. 

Recently Itano and Nee® discovered another pathologic hemoglobin 
in some atypical cases of sickle-cell disease. This is called “C” hemo- 
globin and shows an electrophoretic mobility which differs from that 
observed with type N and S compounds. 

Van Korber in 1866 and Von Kruger in 1887 demonstrated that hemo 
globin solutions prepared from human placental blood exhibited a much 
greater resistance to denaturation with alkaline reagents than do speci- 
mens obtained from erythrocytes or normal adults. This serves as a 
distinguishing factor between adult and fetal hemoglobin. The hemo- 
globin of infants consists largely of fetal pigment; however, much of 
the adult compound is present. It is interesting to note that fetal hemo- 
globin normally disappears from the circulation within 4 to 7 months 
after birth.® 

Receni investigation furnishes evidence of an alkali-resistant hemo 
globin fraction regularly encountered, irrespective of the age of the 
patient, in sickle-cell anemia. This fraction is also found in hereditary 
spherocytosis and some acquired hematologic disorders, but less regu- 
larly than in sickle-cell anemia. It has been demonstrated that the alkali- 
resistant fetal hemoglobin, present at birth in concentrations of from 50 
to 85 per cent, may require thirty month to disappear from the blood of 
normal infants. Any demonstrable abnormal quantity to alkali-resistant 
pigment beyond this age is an indication of a severe disturbance in 
trythrocyte synthesis. Sickle-cell hemoglobin is the only type of pigment 
which gives rise to the sickling phenomenon of erythrocytes. It is rarely 
found without being accompanied by at least one of the other hemo- 
globins. 

The electrophoretic technic, which led to the discovery of the abnormal 
hemoglobins, remains, for the time being, indispensible for any differential 
hemoglobin study. It is now established that, under the conditions most 
suitable for the electrophoretic separation of “S” hemoglobin, this pig- 
ment has a mobility intermediate between that of the slow-moving “A” 
and “F”’ and the fast-moving “C” hemoglobins. 

The genetic diseases of abnormal hemoglobin formation have been the 
subject of intensive investigation in the nine years following discovery 
of sickle-cell hemoglobin by Pauling and his associates. So much in- 
formation has been amassed during this period that no single review 
can possibly cover all aspects of the subject. The intention of this paper 
has been, therefore, to enumerate some of the more important biochemical 
aspects of the hemoglobins and to develop a format into which the 
syndromes involving the hemoglobins may be categorized. 
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NEW BOOKS 


Summary 
A brief review of current information relative to the genetic basis and 
biochemical properties of the human hemoglobins has been presented, 
The clinical syndromes of abnormal hemoglobin have been classified on 
the basis of genetic considerations. The most suitable routine laboratory 
method for the detection of hemoglobin types is considered to be electro- 
phoresis. 
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AMONG THE NEW BOOKS 


DIAGNOSTIC LABORATORY HEMATOLOGY their clinical aspects and specifle tech- 
Second Edition. George E. Cartwright, M.D.., 
Professor of Medicine, Col. of Medicine, nics to be used with each. 
Univ. of Utah, Salt Lake City. Grune & 


Stratton, New York and London. 1953. 250 ABNORMAL HEMOGLOBINS, A Symposium 
pages. 60 tables. 33 figures. $6.75. organized by the Council for International 
P rimarily concerned with the technics Organizations of Medicai Sciences. Estab 


lished under the joint auspices of UNESCO 


with generous references for det: il, this and WHO. Edited by J. H. P. Jonxis. State 
is designed much as a manual. For each University, Groningen and J. F. Delafres- 
related test, the method—technic and sage, Paste, Chats C. 
Publisher, Springfield, Illinois 1959. 427 
reagents—brief comments, and interpre- pages. 54 tables. 105 filustrations. $9.50 
tation, with references, are given. For This Symposium is in two sections; 
more detail refer to namely, BIOLOGICAL CONSIDERA- 


LINICAL 1} TOLOGY. Fourth Ed TIONS AND THE GEOGRAPHY 
‘LINICAL HEMATOLOGY Fourth Sdition IG > TS : 

Maxwell M. Wintrobe, M.D., Ph.D., Profes. OF HEMOGLOBINS, with twelve 
sor and Head, Dept. of Medicine and Di- presentations in the former and fourteen 
rector of Laboratory for the Study of in the latter. There is a page of Hemo- 


Heredity and Metabolic Disorders, University ~]- 


Formerly Assocjate in Medicine, Johns Hop- ences to papers quoted in nomenclature, 

kins Univ., Associate Physician, Johns Hop and about thirty-two pages of bibliogra- 

kins Hospital, and I hysician-in-charge phy. This will be a valuable reference 

Clinic for Nutritional, Gastro-Intestinal and 

Hemopoietic LDisorders, Baltimore. Lea « for the technologist or researcher in this 

Febiger, Philadelphia, Penna. 1956. 1185 area, especially when used in conjunc- 

pages. 236 illustrations. 20 plates, 18 color tion with 

plates. 65 tables. $15.00. 
[his is the usual comprehensive volume, A Laboratory Manual on ABNORMAL HAEMO- 
revised and brought up-to-date with the GLOBINS. Prepared under the direction of 
latest advances in hematology. The ap- Jonxis H. J. 

- ackwe Scientific *ublications, Oxfor¢ 

plicable technics are correlated with the 1868. 39 paces. $ tables. tien 
respective subjects in each chapter. The trations. $2.00 
first eight chapters are devoted to the The two chapters cover the (1) Physico- 
origin, development, and characteristics Chemical Techniques for the Identifica- 
of blood, and some of the technics of tion of Human Hemoglobin Types and 
blood examination. The following seven (II) Hematological Studies. In its pres- 
chapters discuss the anemias, with the ent status, this is not yet a clinical rou- 
rest covering other dyscrasias, with tine. 
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MEDICAL TECHNOLOGY 
THE PROBLEM OF ITS FUTURE PROFESSIONAL STATUS** 
BENJAMIN H. LANDING, M.D* 

As you know, this paper was originally prompted by a meeting of 
your society}, at which the desire of medical technologists to have higher 
professional status was discussed. At the same meeting, your society 
also discussed the topics of state licensure and of unionization of medical 
technologists, and the problem of higher wage scales. Determining 
which of these several goals are desirable is up to you as a group, but | 
wanted to point out some logical consequences of some of the possible 
choices. 

In order to discuss the problem of professional status, I shall have to 
beg for the moment the question of whether medical technology is now, 
or deserves ever to be, a profession rather than a craft or trade, and 
assume (as some of you apparently feel) that it is not now a recognized 
profession, but can become one if you technologists wish it. The dis- 
tinction between a profession and a craft or trade lies not in what a 
person does (because this varies with the form of society), but in his 
attitude about it. The recognized professions of the ministry, teaching, 
the law, medicine and nursing differ from crafts or trades in that mem- 
bers of these professions as a class have a form of desire or compulsion 
to serve, and a feeling of obligation to needy (in any sense) clients, 
which gives them a greater sense of duty than craftsmen are expected 
to have. As a result of this professional obligation, members of profes- 
sions will provide their services to those who need them, despite various 
forms of risk or loss. Thus, ministers are expected to risk disease and 
dangers, lawyers to defend paupers, physicians and nurses to risk dis- 
ease and to care for the sick, poor, etc., without expecting money on the 
line for every unit of work. Parenthetically, the compulsion to serve is 
carried toward an extreme in persons whom we can call missionaries, 
who provide their services whether or not a “needy” person wants them. 
I can think of several different kinds of missionaries, but have difficulty 
picturing a missionary craftsman, which emphasizes this basic difference 
in philosophy. 

I do not pretend that all members of recognized professions place 
their duty to their clients, patients, students or parishioners above their 
pocketbooks or physical comfort, and also do not maintain that no crafts- 
man, as plumbers or electricians, have such a sense of duty. However, 
in the eyes of the public, which is where the basic distinction between 
professions and crafts or trades is made, members of a profession are 
expected as a class, to provide their services, free of charge when neces- 
sary, whereas plumbers, electricians, television repairmen, etc., are not. 


* Directing Pathologist, The Children’s Hospital, Children's Hospital Research Foundation 
Cincinnati, Ohio. Assistant Professor of Pathology and Pediatrics, University of Cincinnati 
Colloge of Medicine 

1 (This paper is the text of a talk given by Dr. Landing at a meeting of the Greater Cincin- 
nati Society of Medical Technologists. Dr. Landing requests that we emphasize that the 
opinions expressed are entirely his own, with apologies to John Rustin, from whom some of 
the ideas were derived. The problems he discusses are urgent ones, and the editors will wel- 
come expressions of opinions from readers on any or all of the topics of professional status, 
unionization and licensure.) 

** Reprinted from “The Bulletin" of the Ohio Society of Medical Technologists, November 1958. 
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The attitude of others is important; simply calling medical technology a 
profession will not make it one, unless those who practice it act in a 
professional way. In short, if medical technologists wish medical tech- 
nology to be a profession, rather than a craft or trade, they must be 
willing, as a class, to assume professional responsibility, to place the 
needs of patients above their desires, and to accept the burden of pro- 
viding their services, whether paid for every piece of work or not and 
whether or not the necessary work can be done in a fixed time period. 
Since the great majority of technologists work on salary, the former 
problem is much less liable to be serious than the latter. 

It is for these reasons that I think true professional status and union- 
ization are completely incompatible. The money for every piece of work, 
double time for overtime, lay down our tools when the whistle blows, 
and strike about things we don’t like—philosophy inherent in a union 
cannot, in any way, be harmonized with a philosophy which places duty 
to a client above personal return. As far as I am concerned, the choice 
between professional obligation and unionist philosophy is not a moral 
one—medical technologists are free to take the one they choose, but 
you cannot have professional status without professional responsibility, 
and you cannot have professional responsibility under a union. From 
the point of view of wage scales, do not make the mistake of assuming 
that true professional status will automatically bring higher income. It 
may, but no one will maintain that nurses, school teachers, or ministers 
are adequately paid today, and if one counts all the physicians in in- 
ternships, residencies, and fellowships, I doubt that physicians as a class 
are particularly well paid. 

If being a member of a profession brings certain obligations, and does 
not automatically bring high recompense, why do people join the pro- 
fessions, and why do at least some of you wish medical technology to 
become a profession? True members of professions (in the sense that 
they practice their professional obligations) have the satisfaction of 
serving others beyond a minimum obligation, of belonging to a group 
with a code of ethical conduct, and also of belonging to a group which 
is considered “learned” and respected by society. How these compensate 
for the burden of professional obligations is impossible to describe, but 
several hundred thousand people in this country belong to the accepted 
professions, so they must. There is no doubt that the work of medical 
technologists is needed, and that you already have the satisfaction of a 
useful and relatively highly regarded occupation, but whether you will 
have in the future a professional attitude or the more self-centered 
attitude of union members is up to you. 


To sum it up so far, the choice between professional status and union- 
ism, or a unionist philosophy without an actual union, must be made 
with a clear idea of what the choice involves. The satisfaction of belong- 
ing to a respected profession may have with it increased financial return, 
but this cannot be considered automatic. If increased income is actually 
more important to you as a group than professional status, then form a 
union or do anything else legal to get better pay, with my blessing, but 
don’t waste your time working for the contradictory goals of profes- 
sional status and working conditions permitting you to drop your 
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pipettes when the whistle blows, whatever the patients may need. | 
sincerely hope that you will decide, as a group, to work toward making 
medical technology a profession (but don’t expect such status over- 
night). Medical technologists now work in ordinarily happy collabora- 
tion with pathologists and other physician-laboratory workers. To have 
as associates only technologists with professional attitudes would give 
us infinite pleasure, and also do infinite good for the patients whose 
lives and pocketbooks we, all too often, hold in our hands. Whether 
profession or skilled craft, | am sure that medical technology has an honor- 
able future, and that the financial rewards for practicing it will rise steadily. 

I have left to last the topic of licensure, because it is not nearly so 
important a problem, basically. Members of many professions are 
licensed at present, and so are many types of craftsmen, so that licensure 
or lack of it does not determine the status of an occupation. Both 
pathologists and technologists, and their societies, are, at present, sus- 
picious of proposals to have state licensure of technologists, feeling in 
part that such laws are proposed by persons or groups who desire to 
have inadequately trained persons given a misleading label of compe- 
tence. But no one can have a real objection to a licensure law requiring 
a standard of training or competence at the level of a the present M.T. 
(ASCP) certificate (unless he would also object to licensure of physi- 
cians and nurses). Whether it will be easier to work for professional 
status with licensure than without it, | do not know, but you should, as 
a group, seriously consider the possibility that licensure may be desir- 
able for certain reasons. It may be undesirable for other reasons, but it 
is up to you, rather than me, to determine which sets of reasons are 
more important to you. A licensure law with teeth could well be better 
than no licensure, because it might close up sub-standard schools, as 
medical licensure laws with teeth have done to medical diploma mills. 
If the presence, within the occupation of medical technology, of a sub- 
standard group of people, in terms of training and competence, is appar- 
ently a barrier to higher professional status, licensure may be the 
answer; but resist with all your power a law without teeth—such a 
license is simply a legal statement that a person is alive. The risk of a 
lax licensure requirement is always with us, because such laws bring in 
money to the state; and the more lax the requirements, the more money. 
lam not convinced that licensure of medical technologists is either neces- 
sary or desirable, but you are free as a group to reach your own opinion 
and act accordingly. If the choice comes to one between a good licensure 
law, and a poor one, | am sure that those working for a good law will 
have the full support of the pathologists and of the medical profession. 
If the necessity for making this choice arises, pray do not make the 
mistake of fighting against “a grandfather clause” or a clause permit- 
ting “equivalent training” in an otherwise desirable law. From one point 
of view, you can have no real objection to equivalently trained people 
getting licensed, and I doubt that a licensure law could get passed with- 
out these clauses. Do not forget, also, that they were found necessary, 
usually with specified time limits, when most medical licensure laws 
were passed. You are, or you should be, more concerned with the future 
of medical technology than with its past, and a dog-in-the-manger atti- 
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tude that nobody 1 


a license, 


ADVERTISING 


now working as a medical technologist, who does not 
meet certain minimum standards of formal training, ¢ 
will defeat your own best interests. 


can possibly deserve 


How soon, if ever, you 


will have to determine your group attitude toward state licensure of 


medical technologists, I cannot say, 


the pros and cons of the argument. 


but I did wish to point out some of 


OPPORTUNITIES 


Wanted: MT (ASCP) CERTI- 
FIED or eligible, Hudson Valley, large staff, 
library. Salary to $4710, five-day, thirty-seven 
hour week. City of Kingston Laboratory, 
Kingston, New York. 


Technologists 


Medical 
recently 


Technolo- 
remodeled 


Wanted: Registered (ASCP) 
gist for a 113-bed hospital, 


and enlarged. Head technologist is a male, 
with 2 technicians and aid working with him. 
Town of 14,500 population located in Lake 


Region. Salary open—apply immediately Ad- 
ministrator, Lake Region Hospital, Fergus 
Falls, Minnesota. 


MEDICAL TECHNOLOGIST and TISSUE 


TECHNICIAN for 291 bed adult general 
hospital located in the Texas Medical Center. 
Both must have ASCP registration. Excel- 
lent facilities in modern well-equipped labo- 
ratory. Liberal personnel! policies. 40-hour 


work week; no night or week-end calls. Sal- 


ary commensurate with experience Please 
submit resumes of experience and qualifica- 
tions to Director of Personnel, St Luke's 
Episcopal Hospital, Texas Medical Center, 


Houston 25, exas. 


HISTOLOGIC TECHNOLOGIST 


College graduate with ASCP regis- 
tration preferred. At least five years 
experience in tissue work. Salary 
commensurate with education and 


experience plus usual prerequisites 

Academic environment and stimu- 
lating work—many personnel benefits 
living conditions—sun- 
shine aad 30 miles of sandy beach on 
the Gulf of Mexico—mild winters 

Reply: Department of Pathology 
University of Texas, Medical Branch 
Galveston, Texas. 


Medical Technologist 


MT (ASCP) or 
eral hospital. Salary 
fications. Apply Pathologist, 
rial Hospital, High Point, 


eligible. New lab, 240 bed gen- 
commensurate with 
High Point 
North Carolina, 


quali- 
Memo- 


MEDICAL TECHNOLOGIST 


ASCP registered to fill supervisory posi- 
tion. Duties include laboratory analyses, 
supervising and training of lab personnel, 
and assisting the Course Supervisor of 
our School of Medical Technology in her 


duties. Beginning salary $4,752 te $4,980 
depending upon qualifications. No night 
calls. Only thoroughly qualified technolo- 
gists, preferably with some supervisory 
and teaching experience will be consid- 
ered. 3 weeks annual vacation, 12 days 
annual sick leave, 8 paid holidays, uni- 


forms furnished and a 
additional employee benefi 
CHAEL REESE HOSPITAL 
Personnel Department, 2815 S. Ellis Ave. 
Chicago, Illinois 


and many 


Medical Technologist, MT (ASCP) 
general 279-bed hospital, located 
New York City. Attractive salary, 
working conditions, good opportunity for 
vancement, Liberal personnel policies. Conta 
Director of Personnel, The Greenwich Hosplt 
Greenwich, Connecticut. 


or eligible, 
28 miles 
excellq 


MEDICAL TECHNOLOGIST 
Ultra-modern hospital located on Ohicago’s nor 
shore near parks and beaches: Minimum start 
salary for ASCP registered technologist $385 
mo., plus periodic salary reviews; 40-hour we 
excellent facilities in well-equipped, modern 
oratories. Many employee benefits including 
university tuition refund plan, free Blue Cm 
and meals at cost. Very active hospital se 
group with such activities as bowling le 
dances and picnics, For further information 
tact, Personnel Director, Louis A. Weiss Memej 


Hospital, 4646 Marine Drive, Chicago, Illinok 
Medical Technologist 
MEDICAL TECHNOLOGIST, $362 to $4189 
mo. Vacancies in Milwaukee County Institut 
Wauwatosa, suburb of Milwaukee. 40-hr. ¥ 
week. Elig. for registration with ASCP. Sq 
annuity, pension & social security benefits 
eral holiday, vacation & sick allowance. Ap 
Milwaukee County Civil Service Commis 


Room 206, Courthouse, Milwaukee 3, Wis 


(Continued on Page 358) 
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ALKALINE PHOSPHATASE DETERMINATIONS—USE OF 
PHOSPHATABS IN AN 800-BED HOSPITAL* 
NICHOLAS SIDOTI, B.S., M.T. (ASCP) 

Harrison S. Marland Medical Center, Newark, New Jersey 
The increased number of requests received by the laboratory for alka- 
line phosphatase determinations has stimulated the search for a method 
that would relieve some of the work load. The method we looked for 
was one whose accuracy was at least equal to the method currently 
used. At the same time, it was necessary for the method to be more 
rapid than the standard procedure in order to save working time. Sev- 
eral procedures were considered. The approach finally chosen was called 
“Phosphatabs.” For this procedure the manufacturer supplies a complete 
kit which includes Phosphatabs reagent tablets; Teswells (especially 
designed test tubes); color developer; and a color comparison chart. 
This procedure is based on the method of Huggins & Talalay.* The 
reagent tablet contains 0.3 mg. stabilized phenolpthalein phosphate in 
an organic buffer which will give a pH of 9.9 with 4 drops of serum. 
The only other equipment required is a thermometer, timer and appli- 

cator stick. 
Procedure 

Alkaline phosphatase levels were determined on the sera of 48 indi- 
vidual patients. The quantitative Bodansky method’? and the Phos- 
phatabs method,*® as described by the manufacturer, were compared. 
Table 1 shows the alkaline phosphatase levels done on 48 patients. Sub- 
sequently, 25 presumably normal individuals were similarly tested using 
both procedures. These values are listed in Table 2. 


Results 
TABLE 1 
No. Phosphatabs Quantitative No. Phosphatabs Quantitative 
Results Results 

1 5.7 units 25 9.8 units 
2. 26 15.0 units 
3 ... 7.6units 27. 
4. ......19.6 units 28 
5. ... 5.4units 29 
6. .... 44units 30 22 (over) ........42.4 units 
7 ... 4.2 units 31. 4.8 units 
8. 32. 4.6 units 
9. .... 60 units 33. 4.7 units 
10. 22 (over) ........60.7 units 34. 5.6 units 
12. 5.8 units 13.8 units 
14. .. units 
15, . 34 units 39. 
17. 5.1 units 41. 22 (over) ........24.0 units 
21. 5.3 units 45. 3.7 units 
23. 9.8 units 47. 7.9 units 


* Received for publication April 1959. 
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TABLE 2 

No. Phosphatabs Quantitative No. Phosphatabs Quantitative 
Results Results 

1. 1.5 units 14. 3.1 units 
10. 2.7 units 23. 
13. 3.0 units 

Conclusion 


The value of ‘“Phosphatabs”’ has been tested at the Harrison S. Mart- 


land Medical Center. The findings show that the rapid tablet method 
not only gives positive reactions in certain pathological conditions, but 
in all except extremely elevated and completely normal levels, indicates 
alkaline phosphatase quantity within narrow Bodansky ranges. 


REFERENCES 


. Bodansky, A., Phosphatase studies. I. Determination of inorganic phosphate. 


Beer’s Law interfering substances in the Kutner-Lichtenstein method, J. Bio. 
Chem., 99: 197-206, 1932. 


. Bodansky, A., Phosphatase studies. II. Determination of serum phosphatase. 


Factors influencing the accuracy of the determination, J. Bio. Chem., 101: 93-104, 
1933. 

Brochure—Warner-Chilcott Laboratories, Morris Plains, New Jersey. 

Huggins, C. and Talalay, P., Sodium phenolphthalein phosphate as a substrate 
for phosphatase tests, J. Bio. Chem., 159: 399, 1945, 


to 
si 
al 
ni 
al 
of 
4) 
m 
\ 
of 
Of 
by 
sh 
of 
or 
tu 
si 
co 
V 
m 
in 
Th 


rt- 
od 
ut 
es 


ite. 


Se, 


04 


ate 


BASIC SPECTROPHOTOMETRY FOR THE 
MEDICAL TECHNOLOGIST* 


IVA PALMER, MT (ASCP) 
2656 Bryant, Evanston, Illinois 


Two methods of photometry are commonly used in clinical labora- 
tories: absorption photometry, used in colorimetric analysis, and emis- 
sion photometry, used in flame analysis.' This paper will deal with 
absorption photometry. 

There are many types of absorption photometers, each having tech- 
nical variations, but they all consist of the same basic parts and they 
all operate according to the same basic principles. 

They have 1) a light source; 2) a means to separate light into its 
component bands of light and then to isolate a specific part of that band 
of light ; 3) a cuvette to contain a standard or unknown substance; and 
4) some kind of electrical circuit with a galvanometer to measure the 
amount of light which either has been absorbed by or has been trans- 
mitted through the solution in the cuvette. See Figure 1.* 


GENERAL PRINCIPLES OF SPECTROPHOTOMETRY 


Figure 


1) Light from a light bulb reflects from 2) a focusing mirror. The light passes through 3) a 

prism or diffraction grating where it is split into 4) its spectrum of colors. 5) A light barrier 

with a narrow slit opening stops all but a narow band of light. This narrow band of light 

passes through the slit width to 6) the sample. The sample absorbs some light but transmits 

some light through the sample to 7) the photo tube. The photo tube converts light to electrical 

energy. The energy is amplified by going through 8) an amplifier. 9) A meter records the 
amount of energy. 


There are filter photometers and spectrophotometers. In filter photo- 
meters, a colored filter is placed in the path of the main source of light. 
A filter photometer may have several filters; each absorbs specific bands 
of light, and each allows a band of light to pass through the filter. The 
operator of such an instrument is limited in wave bands that he may use 
by the filters that he has on hand. Filters cannot separate spectral lines 
sharply. 

A spectrophotometer has some means of diffracting light. The process 
of splitting light into its component parts is called diffraction. A prism 
or a diffraction grating is commonly used to diffract the light. Diffrac- 
tion of light by means of a quartz prism is not linear. There is compres- 
sion in the red area and widening in the blue area.* A variable slit width 
control in the instrument may be used to compensate for the above fact. 
Very precise and accurate work may be done with a good prism instru- 
ment. Measurements may be made outside the visible spectrum in the 
infrared or in the ultra violet region. 

There are two types of diffraction rating; 1) a transmission grating 


*Read by title, 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959. 
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where light passes through the grating, and 2) a reflection grating. Dif. 
traction of light by means of good grating is comparatively linear. A slit 
width control may not be necessary. 


Regardless of the photometer used, there will be a scale connected to 
the galvanometer. The galvanometer scale may be calibrated to read per 
cent transmittance or absorbance (optical density), and sometimes it is 
calibrated for both. Per cent transmittance (% T.) measures the amount 
of light which is allowed to pass through the solution. Absorbance 
[optical density (O.D.)] measures the amount of light absorbed by the 
solution. These measurements are ia 5 ped related to each other 


according to the formula O.D. = — log Charts exist that have al- 


ready calculated the numerical relation between readings in % T and O.D. 
Light is a form of radiant energy. It travels in waves and each color 
has a specific wave length. The wave length is the distance between two 
adjacent peaks in the wave.® See Figure 2. Wave lengths of the visible 
spectrum are commonly measured in millimicrons. A red soiution ap- 
pears red because the red wave length is transmitted through the soluv- 
tion and all other visible wave lengths are absorbed by the solution. 


VIOLET LIGHT SHORT WAVE LENGTH 


+-4400mu 
RED LIGHT LONG WAVE LENGTH 


t----1 7OOmu 
Figure 2 


All photometry is based on the Beer-Lambert-Bouguer Law, com- 
monly called Beer’s Law. As applied to photometry, Beer’s Law states 
that the O.D. of a solution is directly proportional to the length of the 
path of light through the solution and the concentration of the solute 
In photometers the wave length is set and the length of the path of 
light through the solute is set. Therefore, it follows that O.D. and con- 
centration are directly proportional to each other. If optical density 
and concentration of a standard are known and the O. 7 of the 
unknown is known, the ane entration of unknown (C,) equals 
concentration of standard (C, O.D 


~~©.D. of standard (O.D..) 


formula, (22 * )is called a “factor.” The formula can be further condensed 


. of unknown (O.D.,). In the above 


= O.D.. < factor.‘ With this simplified formula plus a slide rule, 
results may be calculated rapidly. 
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If readings are in per cent transmittance (% T), plot a graph on semi- 
log paper from which to calculate results. 

The above methods for calculating results hold true only when vary- 
ing concentrations of a solution follow Beer’s Law and so yield a straight 
line when plotted on the appropriate graph paper. 

Not all solutions follow Beer’s Law. Many solutions will follow 
Beer's Law only at a definite wave length or at a narrow band of wave 
lengths. Some solutions follow Beer’s Law at a specific wave length 
through only limited concentrations. 

To check to see if the solution does follow Beer’s Law at a specific 
wave length, a wide range of known concentrations, including some very 
high and some very low concentrations, should be read. If the readings 
are in O.D. (absorbance), they should be plotted on linear graph paper. 
If the readings are in % T, they should be plotted on semi-log paper. 
In both cases the readings should fall on the straight line and should 
begin at 0. The readings of the various concentrations should be checked 
at several wave lengths. 

To help determine the wave length to be used for a determination, 
a spectral absorbance curve for O.D. readings or a spectral transmit- 
tance (S-T) curve for % T readings may be plotted. Figure 3 represents 
a spectral absorbance curve for the protein biuret complex. To obtain 
such a curve, use a single concentration of the solution and the required 
reference blank. If the concentration used is very dilute or very concen- 
trated, or if the cuvette is very small or very wide, a good curve will 
not result. Measure the single concentration at a series of wave lengths, 
using the reference blank to set O.D. at 0 (or % T at 100) at each wave 
length. Plot the readings on the appropriate graph paper. Where there 
is maximum absorbance (minimum transmitance for % T), there is 
maximum sensitivity. In Figure 3, maximum absorbance is at approxi- 
mately wave length 545. Wave length 545 should be a good one at which 
to try a series of biuret dilutions to see if those dilutions follow Beer’s 
Law satisfactorily at maximum sensitivity. 


SPECTRAL ABSORBANCE 
CURVE 


05: 
044 
0.0. 
0.37 


0.2 


PROTEIN BIURET COMPLEX 


0.1- 


00 J T T T 
400 440 >t60 520 560 600 
Figure 3. 
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In colorimetric analysis a wave length in or very near the region of 
maximum absorbance is often chosen. However, such a wave length j is 
not always chosen. A wave length other than one in the region of max- 
imum sensitivity may show satisfactory agreement with Beer’s Law 
over a wider range of dilutions than a wave length in the region of max- 
imum sensitivity, so several wave lengths should be checked before a 
final decision is made. In a few instances, as in the estimation of glucose, 
the method may become too sensitive at maximum absorbance so a less 
sensitive wave length is chosen. If the method is too sensitive, there 
are too many readings near the extremes of the scale. Since instru- 
mental errors are most likely to occur at very high or at very low read- 
ings, readings in these areas should be avoided. Readings in O.D. are 
most accurate within the range of 0.8 to 0.05 or better from 0.6 to 0.05, 
Readings in % T are most accurate within the range of 10 to 90 % T. 
A wave length should be chosen so the majority of readings fall within 
this range. If readings fall below 10 % T or above 0.8 O.D., for accurate 
results, it is best to repeat the determination, using a more dilute solu- 
tion of the unknown. 

When making a graph to check for the operation of Beer’s Law ata 
specified wave length, the range of concentrations of the standard should 
cover the expected range of concentrations of the unknown. Highly con- 
centrated solutions are less likely to follow Beer’s Law than more dilute 
solutions. In some instances, as in the estimation of urea nitrogen by a 
Nesslerization method, at a specified wave length, concentrations may 
be such that they follow Beer’s Law over the common range but do not 
follow it in the higher concentrations. Also, at some wave lengths, the 
most dilute concentrations may not follow Beer’s Law.* If high concen- 
trations are often encountered, smaller amounts of unknown and more 
dilute standards may produce better results for the procedure. In some 
instances, an interfering substance may be strongly absorbed in the 
region of maximum sensitivity ; then readings from wave lengths in that 
area are not satisfactory. If an S-T or absorbance curve is made for the 
interfering substance, it will help to choose a wave length where there 
is less or no interference. Sometimes the interfering substance cannot 
be eliminated. The picric acid-creatinine estimation is an instance’ where 
there is an interfering substance that cannot be satisfactorily eliminated. 
Here, even at the best wave length found, the readings from a series 
of standards, when plotted on the correct graph paper, may follow 
Beer’s Law so poorly that a curve rather than a straight line will be 
found. The usual factor or formula should not be used when such a 
curve is encountered. Results should be obtained from the graphs. 

Some graphs, whether or not they follow Beer’s Law, are readily re- 
producible over long periods of time; others are not. 


If graphs for a certain determination are reproducible over long 
periods of time, the original graph or a chart made from that graph may 
be used from day to day. However, it should be checked often by run- 
ning some known standards with the series of unknowns for a reagent 
used in the determination might deteriorate, or a new reagent might 
make a slight change in the graph. 
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Some graphs, as the one derived in the estimation of cholesterol, are 
reproducible only if timing and temperature are very carefully con- 
trolled. 

When making a graph from which to calculate results, a line must 
not be extended beyond the reading of the highest standard concentra- 
tion that has been checked unless the graph has been previously checked 
many times so it is known that the more concentrated solutions either 
follow Beer’s Law or follow a definite reproducible curve. 

Graphs made by an instrument manufacturer and supplied with the 
instrument should never be used until they have been carefully checked. 
Variations in instruments, even those of the same make, or environ- 
mental changes such as differences in current or in humidity may cause 
the graphs to be inaccurate. Reagents used may vary from those used in 
making the graphs. 

Fluctuations in line voltage will cause grave errors. A small trans- 
former, a storage battery, or an electronic supply which feeds the cur- 
rent at a selected voltage will avoid fluctuations of power in the instru- 
ment under most operating conditions. 

Humidity inside a sensitive spectrophotometer should be avoided as 
much as possible. A non-corrosive desiccant may be used but be sure it 
is not corrosive and non-volatile. It should be changed frequently. Air 
bubbles or particles of lint in the path of light will cause errors. 

Development of turbidity to the slightest degree in a standard or un- 
known will cause grave errors, unless, as in the estimation of thymol 
turbidity, a definite degree of turbidity is expected. 

Photometers should be allowed time to warm up and come to equilib- 
rium before they are used. And last, but not least, all readings must be 
made in clean, matched cuvettes. The cuvettes should be checked at in- 
tervals for etching and for scratches. 

Reference blanks should contain reagents used in the determination 
except they should contain none of the unknown to be estimated. The 
use of water reference blanks or air blanks may cause errors. 


BIBLIOGRAPHY 


1. Teloh, Henry A., M.D.: Clinical Flame Photometry, Springfield, Illinois, Charles 
>. Thomas, 1959: pp. 6-33. 

2. Beckman Instruments, Inc.: What Every Executive Should Know About Spec- 
trophotometry. Bulletin 295. Fullerton, California. 

3. Muelling, Rudolph J., Jr.. M.D.: Basic Spectrophotometry. Am. J. Clin. Path., 
Tech. Sec. 27: 99-107, Jan, 1957. 

4,Annino, Joseph S.: Clin. Chem.: Principles and Procedures. Boston: Little, 
Brown & Co., 1956, pp. 28-40. 

5. Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chem- 
istry, Ed. 13, New York: Blakeston Co., 1954, pp. 497-540. 

6. Coleman Instruments: Tools For Science. Maywood Illinois, pp. 5-8. 

7. Frame, Elizabeth, PhD., Chief of Biochemistry Service, Clinical Pathology Dept., 
Clinical Center, National Institute of Health, Bethesda, Md., Workshop: Photo- 
electric Instruments; Principles of Spectrophotometry; Sources of Some Instru- 
mental and Methodological Errors. First North American Conference of Med. 
Lab. Tech., Quebec City, Quebec, Canada, June 1956. 

8. Consolazio, C. F., Johnson, R. E., and Marek, E.: Metabolic Methods, St. Louis: 
C. V. Mosby, 1951. Section 3, pp. 27-65. 


of 
is 
X- 
LW 
X- 
a 
se, 
re 
u- 
d- 
re 
)5, 
in 
ite 
u- 
a 
ld 
ite 
a 
ay 
Lot 
he 
re 
ne 
he 
lat 
he 
re 
10t 
“re 
be 
a 


FIBROCYSTIC DISEASE OF THE PANCREAS WITH 
PARTICULAR REFERENCE TO THE SWEAT TEST* 


ANNETTE METRAILER 
St. Vincent Infirmary, School of Medical Technology, Little Rock, Arkansas 


Relatively little was known about this generalized disturbance, occur- 
ring mostly in children, when it was titled “Fibrocystic Disease of the 
Pancreas.” This condition was then thought to be primarily concerned 
with the relatively small organ, the pancreas. In recent times, however, 
it has been shown that other organs, especially the lungs and liver, are 
also intimately involved. Because of these secondary effects or compli- 
cations, fibrocystic disease has been difficult to diagnose for there have 
been no laboratory tests which could be relied upon for definite results 
specific for this condition. Before trying to understand the conditions 
presented by malfunctioning of the pancreas in cystic fibrosis, one should 
be made aware of the normal activities of this organ in order to have 
a more thorough understanding of the tests and the results obtained 
from them. 

The pancreas is one of the “hidden” organs of the body. It has a head 
within the curve of the duodenum and a long, slender tail extending to 
the left behind the stomach as far as the spleen. It is a retroperitoneal 
organ, lying in front of the inferior vena cava, aorta and left kidney. 
Because of its posterior location it is virtually impossible to palpate 
clinically, even when it becomes diseased, hardened and/or enlarged. 
Destructive processes that impair its function show signs or symptoms 
only when the disturbance is far advanced. 

The pancreas has two ducts. The main one, called Wersung’s duct, 
begins in the tail and passes through the length of the gland to open 
into the duodenum at Vater’s papilla. The common bile duct and the 
main pancreatic duct may have two separate openings or one single 
opening into the duodenum. An accessory duct, Santorini’s duct, may be 
present which drains a portion of the head and enters the duodenum 
by a separate opening about two and one-half to three centimeters above 
that of the main duct. 

In the normal state, the pancreas is an extremely firm, lobular organ 
This point is brought out because this firmness is frequently mistaken 
as a sign of malignancy or as a result of other disease processes. The 
lining is simple columnar epithelium. The lobules are separated by a 
delicate network of connective tissue. In among the tubules there are 
small islands of granular cells arranged in irregular cords. Each island 
contains numerous capillaries. These collections of cells are the islets or 
islands of Langerhans which produce and secrete insulin. 

The pancreas is richly supplied with blood which comes from branches 
of the celiac and superior mesenteric arteries. The superior pancreati- 
coduodenal artery is a branch of the hepatic, the inferior pancreaticoduo- 
denal artery is a branch of the superior mesenteric, and there are also 
branches from the splenic artery. The venous drainage is into tributaries 
of the portal vein. The sympathetic nerves from the outlying portions 
of the celiac ganglion supply the pancreas and there are also fibers from 
the vagus nerve. 


* Read by title, 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959 
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The pancreas is made up of both exocrine and endocrine glands. The 
endocrine function is the secretion of insulin into the blood stream which 
exerts a control upon carbohydrate metabolism and the storage of gly- 
cogen in the liver and muscles and the conversion of this to glucose. 
The exocrine functions are more numerous. The small intestine receives 
an important series of digestive enzymes from the pancreas which are 
secreted via its ducts into the duodenum. These include trypsin and 
carboxypeptidase, amylase and a lipase, steapsin. Trypsin and carboxy- 
peptidase acting together digest proteins and amino acids; amylase 
digests starch to maltose and glucose; and steapsin hydrolyzes fats to 
fatty acids and glycerol. In addition, there are two enzymes, maltase and 
chymotrypsin, the former converts maltose to glucose, and the latter 
digests protein to polypeptides and amino acids. The pancreatic enzymes 
are normally secreted in a thin, alkaline fluid, the pancreatic juice, of 
which there is about 500 to 800 cc. produced daily. Trypsin and chymo- 
trypsin are secreted as inactive procursors, trypsinogen and chymotryp- 
sinogen, respectively. These are activated within the intestinal lumen. 
Trypsinogen is changed to trypsin by enterokinase, which is an enzyme 
secreted by the mucosa of the duodenum and jejunum. Chymotrypsino- 
gen is activated to chymotrypsin by trypsin. It is obvious that the secre- 
tion of these enzymes as inactive precursors is necessary to prevent 
the digestion of the pancreas by its own secretions. For example, in 
acute pancreatitis, the pancreatic enzymes may attack the pancreas itself 
with very serious results. 

The regulatory control of secretion of pancreatic juice is primarily a 
function of the hormone, secretin, which is elaborated by the duodenal 
mucosa in response to the presence of acid chyme from the stomach. 
Secretin is released in the blood stream and is carried to the gland where 
it stimulates the secretion of large amounts of pancreatic juice. The 
vagus nerves do cause some activity of the pancreas, but vagal stimu- 
lation is not an important factor in pancreatic secretion. 

As has been mentioned previously, fibrocystic disease is a generalized 
disorder of unknown etiology affecting exocrine glands. The main symp- 
toms are due to the pulmonary involvement and pancreatic insufficiency. 
It has been shown that this disease seems to be congenital and heredi- 
tary. Evidence of its existence may appear immediately after birth, dur- 
ing infancy, or not until later childhood. The primary lesion is an abnor- 
mality in the secretion of the pancreas which causes it to be precipitated 
in the lumens of acini and ducts with the consequent absence of pan- 
creatic secretion in the intestine. As the deposits become larger the ducts 
become cystic and are replaced by connective tissue or fat. 

If death occurs in the first few days of life, the lesions are quite in- 
conspicuous for only the larger ducts are obstructed and contain granu- 
lar, amorphous material, whereas in older children the blockage of the 
ducts is more complete and concrete, and therefore, more readily ap- 
parent. 

In the newborn, the bronchial mucosa is normal, but if the condition 
does not become evident until later, bronchial infection may be one of 
the first noticeable symptoms. The amount of bronchial secretions is 
increased and also the viscosity. This usually causes a persistent cough 
resembling the cough in pertussus, but the causative agent is often 
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found to be hemolytic Staphylococcus aureus. In untreated children, this 
pulmonary infection seems to be the principal cause of death. Bron. 
cho pneumonia or bronchogenic abscesses may occur. In these infants 
the liver is usually fatty and sometimes mild obstructions of the bile 
ducts may be seen. 

Besides the pulmonary and pancreatic involvement, it has been shown 
(di Sant’Agnese)' that the sweat glands are also affected in cystic 
fibrosis. At first it was thought that the volume of secretion was in- 
creased, but more recent study has disproved this. It has been affirmed, 
however, that the viscosity of the secretions of all mucous producing 
organs has been noticeably increased. 

Patients with cystic fibrosis of pancreas do exhibit fairly constant 
symptoms, some of which have been mentioned. The abdomen is usually 
protuberant due to the undigested fats and starches. In cases with ad- 
vanced pulmonary involvement, the chest may be rounded and emphy- 
sematous due to the persistent coughing and struggling for breath. Some 
patients also exhibit excessive sweating. 

Several laboratory tests are employed in the diagnosis of cystic fibro- 
sis of the pancreas. The examination of duodenal contents discloses that 
there is little or no activity for amylase, lipase and trypsin in patients 
with this malady, whereas in healthy children and children with other 
illnesses, relatively good activity is obtained. The viscosity of the duo- 
denal contents is also increased in cystic fibrosis. 

Examination of the electolyte levels in the urine reveals relatively low 
levels of sodium and chlorine while the content of the sweat electrolytes 
are greatly increased. The dissociation of these values, which are usually 
known to vary simultaneously and in the same direction seem to be a 
unique characteristic of cystic fibrosis of the pancreas. 

Tests have been devised for the determination of electrolytes in the 
saliva, since it was noted that the viscosity of this fluid has been in- 
creased and apparently also the sodium and chlorine levels. It was found 
(Kaiser)? that these levels are increased considerably, but the test re- 
sults are not too reliable or consistent. For example, it was shown by 
Kaiser® that there is a considerable variation in the sodium and chlorine 
concentration in the saliva of children under one year and over one year. 

More recent research has shown that the test for electrolytes in the 
sweat of patients suspected of having cystic fibrosis seems, thus far, to 
be the most reliable and consistent aid in the diagnosis of this disease. 

The sweat test in itself is a relatively simple procedure. It is also less 
discomforting to the patient than many other tests. 

The sweat is collected on a 4 x 4 gauze square which is applied to the 
back of the patient, covered with impermeable plastic and sealed at the 
edges with waterproof adhesive tape. The patient is then subjected to 
a mild thermal stimulus by enclosure in a plastic bag which is fastened 
securely about the neck. Usually, the patient is covered with a light 
blanket. At the end of one hour, the patch is lifted and all visible mois- 
ture is removed by the gauze sponge which is immediately placed in a 
stoppered flask which has previously been weighed with the dry sponge. 


1di Sant’Agnese, P. A.; Darling, R. C.; Perera, G. A., and Shea, E.: Sweat Electrolyte dis- 
turbances Associated with Childhood Pancreatic Disease, A. J. Med. 15:777, 195 
2 Kaiser, E.; Electrolyte concentration in sweat and saliva; Am. J. Dis. Children, 


3. 
92:369, 1956. 
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The flask with the sweat soaked gauze is then reweighed and the amount 
of the sweat obtained. 

Thus far, various authors are in considerable agreement as to the 
method used in the collection of the sweat sample. There are, how- 
ever, variations in the methods used for the titration of the chloride. 
di Sant’Agnese* recommends the addition of a measured amount of 
lithium sulfate solution, leaching, and finally titrating according to Keys 
microdetermination method.’ Other methods simply extract the sweat 
from the pad with distilled water, making a 1:10 dilution by considering 
one gram of sweat to equal one cubic centimeter, and analyze an aliquot 
portion by routine laboratory titrations for chlorides. 

There has been some discussion as to what area on the trunk of the 
patient is most suitable for the collection of the sample. di Sant’Agnese® 
advocates the mid-abdomen for it was shown by experiment to give very 
constant results. Others have found the back to be more suitable, espe- 
cially for very young children. Except for the particulars of technique, 
the methods discussed for the sweat test are in agreement. 

Thus far, only the determination of chloride has been discussed. The 
sodium and potassium levels of the sweat have also been studied. The 
determinations are carried out with the flame photometer. The concen- 
trations of sodium and potassium are elevated also but there is some 
overlapping in the values obtained in patients with cystic fibrosis and 
those without. This is not true of the chloride level which has very little, 
if any, overlapping and which is therefore, a more conclusive test for 
cystic fibrosis. 

The principle of this test is simply that the electrolytes, especially the 
chlorides, of the sweat are markedly increased in patients with cystic 
fibrosis of the pancreas. The range tor sweat chlorides of patients with 
this disease is from 60-160 milli-equivalents per liter of sweat. Normal 
individuals range from 4-80 mEq/I of sweat. 

The sweat sodium content ranges from 80-190 mEq/l in patients with 
cystic fibrosis while the normal range is from 10-120 mEq/l. This shows 
an overlapping of about 23 per cent. 

The sweat test has been shown to have a very high degree of accu- 
racy, the average being 95% and above. The necessity of a good test 
for cystic fibrosis is demonstrated by the fact that one out of every 600 
infants is afflicted with this serious disease, and since the diagnosis is 
not made frequently enough the incidence may be much higher.’ 

Although there is as yet no cure for cystic fibrosis, extensive treat- 
ment has prolonged life for these patients for several years. Inhalation 
therapy, using an aerosol solution is a relatively recent method of treat- 
ment. Because of the pulmonary obstruction, antibiotics alone are not 
too effective. Antibiotics are, of course, essential in the treatment of 
these children and are best given systematically and by aerosol. Peni- 
“Ibid: 92:369, 1956. 

*di Sant’'Agnese, P. A.; Darling, R. C.; Perera, G. A. and Shea, E.; Abnormal Electrolyte 
composition of sweat in Cystic Fibrosis of the Pancreas: Clinical Significance and Relation- 

ship to the Disease: Pediatrics, 12:549, 1953. 


S Keys, A.; Microdetermination of chlorides in Biological Materials. J. Biol. Chem. 119:389, 
1937. 


*Op. Cit.; Pediatrics, 12:549, 1953. 
TCystic Fibrosis of the Pancreas; a pamphlet prepared for physicians by National Cystic 
Fibrosis Research Foundation, Philadelphia, Pa.; 1958. 
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cillin and streptomycin sulfate are used extensively. If this loses its 
effectiveness against the pulmonary infection, neomycin may be used 
to control the staphylococcus. 

Other treatment consists of a low fat, high protein diet, supplement 
of water soluble vitamins and partial replacement of the pancreatic 
enzymes with a pancreatic extract. 

Fibrocystic disease has come upon us as a “phantom in the night.” 
Although it is the nations number two killer of children* the public and 
the people in the medical profession have not been aware of the serious- 
ness of this disease which effects so many children from the day they 
are born. Recently, however, research has been more helpful in the early 
diagnosis and treatment of cystic fibrosis. Many tests have been em- 
ployed in searching for a means of recognizing this killer in its early 
stages where treatment is most effective. To date, the sweat test has 
proven to be the most accurate and specific. It has detected the presence 
of cystic fibrosis before the appearance of the pulmonary involvement, 
or before complete pancreatic destruction. The development of new, 
more specific methods of testing for and treating cystic fibrosis forecasts 
a brighter future to the children and parents of these children with 
cystic fibrosis. Perhaps this generation will see the day when the cause 
and even more important, the cure, of cystic fibrosis, “the most baf- 
fling children’s disease,’ is effected 


’*She Knows About Cystic Fibrosis, Do You? 1 pamphlet prepared y the National (Cyst 

Fibrosis Research Foundation, Philadelphia, Pa 1958 

* Alk, Madelin, “The Most Baffling Children’s Disease Redbook Magazine, September, 1957 
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MEASUREMENT AND EVALUATION IN TRAINING 
SCHOOLS*+ 
PEGGY VIRGINIA JENSEN, B.S., M.T. (ASCP) 
Good Samaritan Hospital, Portland, Oregon 


There have been many postulations on the qualifications for success 
in Medical Technology. These are based on superior aptitude and 
achievement at the college level, primarily in science courses, and 
interests typical of successful medical people (by Strong Vocational 
Interest and Kuder Preference tests.)'* These postulations are good 
guides for student application; however, there are no tests available to 
measure a student’s motivation for becoming a medical technologist. It 
is this individual quality that may overcome grade deficiencies. 

Advancement of clinical medicine in recent years has placed extending 
demands upon the career of Medical Technology. Not only must we 
produce more technologists, but they must be adequately qualified to 
be productive participants in this advancement of clinical medicine. 

Each person who calls himself a medical technologist is by that token 
responsible to every student entering a training program: to effectively 
teach each student, and to instill in each student the vitality of Medical 
Technology. For efficient correlation between the practical application 
of techniques and clinical significance, the support of the clinical 
pathologist is needed. It is through this combined effort that the best 
students are developed. 

Training programs are continuations from college; therefore, certain 
measurement and evaluation processes similar to those used in schools 
must be used. The remainder of this paper will deal with basic measure- 
ment and evaluation techniques and their application to training 
programs. 

Tests are measurements which can help educators evaluate student 
growth. Measurement is an observation that can be expressed quantita- 
tively, and answers the question “how much?” Evaluation recognizes 
the need of knowing “how much,” but also presupposes the definition 
of the goal to be reached, and objectives to be set up. It is concerned 
with the total personality of the pupils and with gathering evidence on al! 
aspects of personality development. Evaluation considers scholastic apti- 
tude, achievement, special abilities, personal interests and plans, health, 
personal relationships, social adjustments and work experiences.® 

Other techniques besides written examinations need to be used for 
complete evaluation. These may include observation of students at work 
informally or by using formal checklists; rating scales in which teachers 
make judgments about characteristics of students; anecdotal records, 
tabulating student behavior; sociometric tests, showing friends, cliques, 
and isolate students; and the informal interview.”* 

Written examinations can help the instructors aid students by pin- 
pointing differences among pupils. These show students’ limitations, and 
show the teacher what changes in the curriculum need be made.’® This 
also aids in meeting the individual differences among students. 

‘3rd Award Scientific Products Foundation, Educational and Procedural, 1959. Read before 

the 27th Annual Convention of ASMT, Phoenix, Arizona, June 1959. 

+ Permission received from I. Davidsohn, M.D. and Board of Registry of Medical Technologist of 


the ASCP to use copies of appendix A of “A Curriculum for Schools of Medical Technology,” 
ith Edition 
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Tests may also serve as actual teaching devices when they clarify 
objectives to aim at, or changes to seek in students. In addition, they 
determine what content and learning experiences are necessary to attain 
these objectives, and how to appraise the effects of the learning expe- 
rience.* 

In recent years the Board of Registry of Medical Technologists has 
standardized the area of sampling for the Registry examination by 
asking specific numbers of questions for each department of study. From 
the records of past Registry examinations various departments may be 
weaker than others in a training school. Preparing the students for their 
national examination is one of the many reasons for giving periodical 
tests throughout their training. The results of these examinations may 
expose defective teaching. 

Table 1 will illustrate how such information can be used to advantage. 


TABLE |! 
Board Examination Results* 
Code for abbreviations: 


H = Hematology S = Serology Hi = Histology 
C = Chemistry HB = Blood Bank My = Mycology 
B= Bacteriology U = Urinalysis Mi = Miscellaneous 
P = Parasitology 
Department H c B P s BB U Hi My | Mi 
Total questions 30 30 30 15 15 15 15 10 5 3 
Case 1 23 21 20 9 8 6 2 5 2 19 
Case 2 21 19 23 8 us h 13 7 3 2k 
Case 3 23 18 23 12 pin 9 wu 6 5 22 
Case i 25 20 21 9 i pat 9 6 2 19 
Case 5 20 12 21 9 pay 8 n 5 2 15 
Case 6 22 14 21 9 us 2 nu 8 5 22 
Case 7 23 16 25 5 ll 12 8 u 2 20 
Case 8 21 122 20 9 10 10 8 5 1 23 
Case 9 21 ly 20 9 8 8 13 8 1 19 
Case 10 2k 20 29 wu pas 12 13 6 5 29 
Total combined 223 | 166 | 223 69 | 109 99 | 112 5h | 28 212 
points/10 cases 
Total possible 
points/10 cases | 300 | 300 | 300 | 150 | 150 {150 | 150 |100 | 50 | 350 
% correct for 7h 55 7 59 B 66 TS SL | 56 60 
10 cases 


* IBM Reports for Registry Examinations, 1956-1957 
Training School *Z* 
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According to this table the weakest sections would be in chemistry and 
miscellaneous, since the percent correct is low and both of these sec- 
tions compose a large percentage of the questions. 

Teacher-made tests constitute a large majority of the evaluation tech- 
niques used in training schools. The essentials for any good examination 
are validity, reliability, adequacy, objectivity, administrability, scora- 
bility, comparability, economy, and utility. Not all these points can be 
reached in teach-made tests, for norms are not established. However, 
these above points can be sought. If the questions asked parallel the 
purpose of the examination, indicate where remedial attention is needed, 
and test progress, they will serve their purpose.®’ Therefore, there is 
great need for well-constructed teach-made tests! 

Most examinations are broken down into three main categories accord- 
ing to structure: oral, essay or subjective, and objective. The first 
bracket would be answered verbally. The second bracket would be one 
in which personal bias would enter into the evaluation of said question. 
The third bracket is one in which personal opinion of the examiner is 
placed at a minimum. Each has its role in evaluation. 

One of the oldest types of examinations is the oral quiz. Usually this 
requires a short answer and should be used only as a means of evaluat- 
ing daily progress. In all fairness to the remainder of the class, instruc- 
tors should not record grades. This type of examination is one most 
frequently used in training schools. Example. What step will you take 
next to complete your procedure? 

This question is an insight to whether the student has an understand- 
ing of what he is doing as he is performing it. This aid can help a 
student arrive at the answer to a larger question.® In lectures, this type 
of question can serve as an attention-getter. 

The essay examination has its role in measurement, although its edu- 
cational popularity is in the lower percentiles. There has been no sub- 
stitute found to evaluate the qualitative aspect of verbal expression of 
thought. Essay questions are easy to construct, adaptable to the subject 
material covered, and measure higher abilities.?’® 

There are various modifications of essay questions, listed as such: 
compare, list, arrange, select, summarize, outline, interpret, formulate 
new procedures.’ This type of question is often valuable in technology 
student testing for it requires good knowledge of the subject matter to 
answer correctly. For example: List five methods for determination of 
hemoglobins in a laboratory and the reagent used in each method. 

The subject tested for would alter the objectivity of an essay ques- 
tion. If the material tested for has within itself a margin of limitation, 
likewise could the question. However, it must be remembered that scor 
ing is difficult in these questions. 

The highest rating goes to the objective examination. It has advan- 
tages to both the student and the examiner. The use of objective items 
reduces the aspects of using, “why,” “how,” “what significance,” and 
“explain,” yielding to “who,” “what,” and “when.” These types of items 
enable the instructor to sample widely—one essential of a good exami- 
nation.® 

Definite rules for actual construction should be followed. Generally, 
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these principles can apply to all types of objective questions. Good 
language expression should be observed. Textbook wording should be 
avoided. Never use items with obvious answers or include clues from 
one item to another. One should exclude items that test one’s intelli- 
gence alone and include items that test the subject material. In the 
mechanical construction a definite alignment of responses should be 
avoided.® 

Items of the objective examination may be classified into five basic 
types: recall, completion, alternate response, multiple choice, and match- 
ing.° 

Recall employes the “who,” “when,” “what,” “where” type of question, 
Example: Who was the first person to classify human blood groups? In 
construction, these items should be so stated that the answer sought for 
is definite and clean-cut, calling for a single word, phrase, or number. 
All possible answers should be considered acorns. For ease in cor- 
rection, blanks should appear on the left-hand side of the paper. 
Example: 1. Who was the first person to classify 
human blood groups? 1 

There are two types of completion questions. One requires a phrase 
or sentence for response and the other requires only one word for 
response.’ The first type is merely an off-shoot of the essay-type ques- 
tion. Hints are available for construction of the second type. 

The sentence should be definite. Too many blanks should be avoided 
in one sentence, for this yields a vague question. 

Good example: The normal fasting blood sugar is 
Poor example: cells are decreased in pernicious anemia and 
increased in 

Alternate response, commonly called true-false items, have an “alter- 
nate” use in the objective examination. Here all too often the word of 
the instructor is a very sacred thing. Items of this sort frequently tend 
to be text-bookish. They are difficult to construct and show low relia- 
bility /item.”"** Reliability refers to testing what it is support to test. 

If one does choose to use this type of item, care should be taken to 
write directly and clearly, emphasizing the main point rather than trivial 
details.** 

Matching two sets of items is another type of form for the objective 
examination. In structure, all questions requiring the same type of 
answer should be placed together. For the best testing, the item in the 
answer column (right-hand column) should be of longer length than 
the question column (left-hand column).° 

Multiple choice items are the most used. For the best results the 
answers should be contained in five various responses, if it is possible 
to construct five plausible responses. A correction factor may be applied 
if the responses possible are less than five, limiting the “guess” factor. 
Wrongs 

—1 

If possible, one should make the responses brief. The one most nearly 
correct should be considered correct, if more than one response might 
be correct.”*® 

In making any type of objective test, not all items will be reflective 


The factor is: Score Rights , where n responses given.** 
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for all students. Therefore, several types of items might be employed so 
that every student examined will be faced with the situation requiring 
reflection.* This may prove a challenge to the examiner! 

The following hints may be helpful in actual test construction. When- 
ever a possible question appears in work or class, write the item on a 
fle card. By doing this, valuable questions will not be overlooked." ™ 
This also supplies a functional reservoir of possible test items. 

In preparing an examination, (1) make a rough draft of items; (2) 
weed out the weak items and produce a proper balance of easy and dif 
ficult items; (3) re-examine rough draft after a reasonable time lapse; 
and (4) obtain criticism from fellow instructors.’* Always make direc- 
tions clear to the students. 

Let us assume that an examination has been given and it was objec- 
tive in construction. Where should one go from there? Testing for the 
sake of testing does not serve the purpose of an examination. One of 
the best means of evaluating tests as tests is through item analysis, 
which shows how each item discriminates between good and poor stu- 
dents. It proves helpful in future test construction and provides infor 
mation On improvement of teaching methods.* 

The item analysis seen in Table 2 might be employed. Student re- 
sponses are tabulated for incorrect answers only. By determining the 
items in which all students answered incorrectly, revision of that item 
would be necessary for future tests. If the item tested a particular aspect 


TABLE 
Item # | Key | Svedent | Student Item analysis 
= B | a Satisfactory | 
2 B Satisfactory | 
_| 
> | c | a a Sstisfactory | 
| Satisfactory 7 | 
| 6 a | Satisfactory 
? B | = c c c Revise 
+ 
8 a c Satisfactory ? 
9 a c B c Satisfactory 
10 a c Satisfactory 
n a Setisfactory 
12 a c Satisfactory 
13 A B c Satisfactory 
1b B Satisfactory ? | 
15 Setisfactory ? 
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DATE: 


Note grade for each point: 


TABLE Ii! 


(From Davidson and Stern,’ modified) 


PEGGY VIRGINIA JENSEN 


EVALUATION RECORD OF STUDENT 


DEPT: 


2h. 


Intellectual integrity 
Intelligence 

Industry 

Preserverance 

Dependability 

Scientific curiosity 
Interest in medical technology 
Reasoning ability 

Inventive ability 
Initiative 

Executive ability 

Ability to follow directions 


Organizing ability 


Willingness to accept responsibility 


Imagination 
Ability of concentration 
Accuracy 


Judgment 


Readiness to self-sacrificing service 


Spirit of cooperation 


Discretion with professional information 


Tact 
Personal appearance 


Attendance 


n 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


Signature of Instructor: 


TOTAL 
5-Excellent; 4-Good; 3-Fair; 2-Poor; 1-Bad 
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which should have been clear, possibly defective explanation of the prob- 
lem was responsible. If a large proportion of the items were answered 
correctly by all of the students, possibly these items did not require 
reflection by all the students and should be revised. These points are 
considered at the discretion of the examiner. 

Besides academic measurement, a technologist must consider the char- 
acter of each student. A nrofile analysis as seen in Table 3 may prove 
very beneficial. Academic achievement does not always indicate a suc- 
cessful technologist ! 

Periodic conferences should become a regular means of discussing 
with the student his present status and potential future. Evaluations 
and examinations may be used as starting points in these conferences, 
and from there on the instructor does more listening than talking. Here, 
insights to defective training, personal problems, and ambitions appear, 
and then correction measures can be introduced. 

The use of well-constructed examinations, character profiles, and peri- 
odic conferences will improve training programs and the results will be 
worthy of the effort. 


Conclusions 

In order to further the purposes of education, more efficient means 
of evaluating the students’ growth must be constantly sought by any- 
one who calls himself a teacher. By realizing the limitations and values 
of tests themselves, better evaluation can be possible. By recognizing 
the individual differences among students, better teaching principles can 
be employed. By constantly striving to do better, teachers themselves 
can become better instructors. 

There is great need for improvement in training schools, and it is only 
recently that some have recognized the need of technologists for teach- 
ing purposes only. It is a long way off before such programs will be 
universal, but the paths for such positions are being cut now, and the 
future is optimistic. 

If the basic principles of teaching would be used in the training of 
medical technologists, better technologists would be the result. Cer- 
tainly, in this day of ever-growing medicine, the demand must be met. 
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OPPORTUNITIES 


Bacteriologist Supervising Bacteriologist for 
bacteriology laboratory in large general hos- 
pital affiliated with medical school. M.D. di- 
rection. Salary to $6500 depending on experience 
Apply t Dr. E. Wolinsky, Cleveland Metro- 
politan 


General Hospital, Cleveland 9, Ohio. 


Medical Technologist—Registered ASCP, for a 
new and expanding hospital in Lincoln Park, 
Michigan, and situated close to Detroit. Mod- 
ern extensive hospital laboratory. General 
laboratory work in a hospital with a high 
proportion of specialists. Salary range from 

up depending upon experience. Director 
Laboratory, Outer Drive Hospital, 26400 
Outer Drive, Lincoln Park, Michagan. 


Medical Technologist— Medical Technologist 
(ASCP or eligible) with X-ray experience 
preferred, but not esential if person willing 
to learn. Salary $300 per month, 3 meals a 
day, laundry of uniforms, hospitalization in- 
surance and increments. Two _ technologists 
to alternate calls. Clara M. Barnett, R. N 
Administratrix, Lyon Health Center, Box 547, 
Yerington, Nevada. 


Medical Technologist—ASCP or eligible. We 
have several positions for general technolo 
gists in an expanding 170 bed hospital labo- 
ratory, located in the wholesome surround- 
ings of a progressive mid-Wisconsin college 
city. Salary open. Contact: Henry T. Grin- 
valsky. MD, Pathologist and Director of Lab- 
oratories, St. Michael's Hospital, Stevens 
Point, Wisconsin. 


Medical Technologist 


Wanted: Technologist 
(ASCP certified or eligible) for very active 
laboratory. 300 bed General Hospital. Attrac- 
tive salary and personnel policies. St. Joseph 
Hospital, Joliet, Illinois 


Medical Technologists, ASCP registered. Posi- 
tions available for cytotechnologist and gen- 
eral laboratory technologists, 300 bed medical 
center in attractive New Hampshire college 
town in middle of recreational area. Starting 
salary open Progressive personnel policies. 
Liberal fringe benefits. For further informa- 
tion write: Director of Laboratories, Mary 
Hitchcock Memorial Hospital, Hanover, New 
Hampshire. 


Medical Technologist—-ASCP registered. Male or 
female. No night calls. Paid vacation and 12 
days sick leave. Insurance benefits. Pathologist 
supervised. Starting range $350 to $400 per 
month. Administrator Sisters Hospital, Santa 
Cruz, California. 


Medical Technologist, Evening Technolog 
Full-time position to assist night call tee 
cian in routine clinical procedures. Re 
(ASCP) preferred. Shift 3:30 to 10:30 B 
Sunday thru Thursday Applicable st 
rate for (ASCP) registry is $324.13 mon# 
Additional shift differential will apply. Ca 
tact Personnel Department, Aultman 
tal, Canton, Ohio. 


Medical Technologist Wanted: Technolog 
(ASCP certified or eligible) for Blood 
300 bed General Hospital. Attractive 
and personnel policies. St. Joseph Hoi 
Joliet, Illinois. 


Research Director: California 
zation engaged in  basik 
projects—affiliated with 
school. Ph.D. or M.S 
pharmacology or 
$15,000. ASMT-3310 


Research 0 

medical re 
university n 
Prefer background 
medicinal chemistry, 


Research Assistant: California. M.S. or PB 
Biochemistry or bacteriology. Well knowl 
search institution. $7000 minimum to 
ASMT-3251 


Supervisor Clinical Biochemistry Labe 
Middle West, Ph.D. World famous re 
institution. Laboratory is modern, air @ 
tioned and equipped with best available 
tific equipment. $8000 minimum to 
ASMT-2852. 


Chief Bacteriologist: East, near N. Y. @ 
Ph.D. or equivalent. Will be in charge 
bacteriology, parasitology and serology 
cedures. 500 bed teaching hospital. $900 
start. Could be more if exceptionally 
qualified. ASMT-3225. 


‘linical Chemist: 
busy routine 
versity 


East. B.S 
biochemistry 
teaching hospital. 


degree. Sup 
laboratory in 
7500. ASMT. 


Medical Technologist: Middle West. B.S. 4 
in bacteriology. Take charge of bacterial 
section of laboratory, in 300 bed hospital 
university city of about 90,000. $6000. Al 
2999 


(Continued on Page XXX 
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